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Introductio n n 

ManMan brings all that he has or can have into the world with him. 

ManMan is horn like a garden, ready planted and sown. 

(William(William Blake 1757-1827) 



Earlyy origins of adult disease: a historical perspective 

Itt has long been recognised by poets and prophets that events before birth are 

off  lifelong importance. One of the first records of this thought is found four 

centuriess BC, in Plato's philosophy suffering in life is the result of the evil 

experiencedd before birth. In the Bible, this was also the premise upon which 

thee disciples based their question about the blind man: 'Master, who did sin, 

thiss man or his parents, that he was born blind?'. J Still, old wives' tales from 

Asiaa claim that how the pregnant woman behaves or what she eats could 

affectt the child's qualities. 2 The concept that events during early life may have 

lifelongg consequences for health in adult life is also established in medical 

research. . 

Att the beginning of the twentieth century, the idea that early life 

conditionss and experiences affect adult health was an important component of 

thee prevailing public health model. In 1914, the British Chief Medical Officer 

too the Board of Education wrote that 'the health of the adult is dependent 

uponn the health of the child ... (and) ... the health of the child is dependent 

uponn the health of its mother'.3 This idea went hand in hand with the 

expandingg knowledge on nutrition in the 1930s with its emphasis on the 

importancee of nutrition in childhood. It appeared to be self-evident that poor 

nutritionn in childhood would lead to poor health in later life. The importance 

off  early life experiences for public health was complementary to the ideas that 

emergedd in psychoanalysis 4, behavioural psychology 5 and the biological 

sciencess 6-7 at that time. The concept of a critical period in biological 

development,, a time when some specific experience affects the development 

off  an organism more than it would at other times, became a central theme in 

studiess concerning behaviour and growth. 81° A well-known example of 

programmingg during critical periods of development is the observation made 

byy Lorenz showing that ducklings can be imprinted upon the first moving 

objectt they see after hatching. In the early seventies, Stein and Susser aimed to 

testt the hypothesis, newly fashionable in the mid 1960s, that nutritional 

deprivationn during fetal development depressed mental ability in their study of 

militaryy conscripts born around the time of the Dutch famine. u In 1977, 

Anderss Forsdahl found a geographical link between past infant mortality and 

subsequentt adult mortality from heart disease, and he therefore postulated that 

povertyy in early life followed by later affluence might result in an increased risk 

off  heart disease. 12 This public health interest in early life determinants of 
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susceptibilityy to adult disease then diminished, however, as attention was 

drawnn to the poor health of adults which occurred despite improvements in 

childd health. 

Inn the last decades, chronic degenerative disease has been the main 

publicc health problem in Western countries. Cardiovascular disease, cancer 

andd respiratory disease have become the most common causes of death in the 

developedd world, accounting for three-quarters of all deaths at adult age. 13 

Muchh of the research into the aetiology of these diseases has focussed on adult 

riskk factors, such as diet, physical exercise and smoking. However, these risk 

factorss are limited in predicting individual risk and only partially explain the 

strikingg social and geographical inequalities in health. Since the 1980s, there 

hass been a revived interest in the early origins of adult disease. A growing 

bodyy of evidence suggests that poor living conditions in early life, and more 

specificallyy poor growth, and undernutrition, increase the risk of adult 

cardiovascularr and respiratory disease. People who were small at birth have 

beenn shown to have an increased risk of coronary heart disease and people 

whoo experienced early respiratory infection were found to have an increased 

riskk of chronic bronchitis and abnormal lung function in adult life. u Professor 

Davidd Barker has given the early origins hypothesis a new impulse. He 

hypothesisedd that many chronic diseases originate in the womb. Because of 

poorr nutrition and health among women, both before and during pregnancy, 

manyy human fetuses have to adapt to a limited supply of nutrients. In doing 

so,, they permanendy change their physiology and metabolism. These 

adaptationss may be the origins of a number of diseases in later life, including 

coronaryy heart disease and the related disorders stroke, diabetes, and 

hypertension.. 14 From a developmental point of view, it is not surprising that 

circumstancess during intra-uterine life permanently affect the body's structure 

andd metabolism. Between conception and birth the fertilised ovum goes 

throughh some forty-two cycles of cell division to develop into a term infant; 

afterr birth only another five are needed to attain adult size.15 

Evidencee for the fetal origins hypothesis comes from observational 

studiess in humans, which use size and body proportions at birth as a proxy for 

fetall  nutrition. These studies have shown that people who were small at birth 

havee an increased risk of coronary heart disease and its biological risk factors, 

hypertension,, diabetes and hypercholesterolaemia in adult life. 14 These 

associationss have extensively been replicated in studies in several European 
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countries,, but also in the US and in India.1620 They extend across the normal 

rangee of size at birth and depend on small size for gestational age rather than 

onn prematurity. 2I Furthermore, a study in Finland has shown that men who 

weree thin at birth had high death rates from coronary heart disease, and if, in 

addition,, their mothers were short and fat they had even higher death rates. 22 

Anotherr study in Finland showed that the path of growth in childhood 

modifiess the risk of coronary heart disease associated with size at birth. Death 

ratess from coronary heart disease were highest among men who were thin at 

birthh but had accelerated weight gain in childhood. 23 The effect size, a more 

thann five fold increase in mortality among men with the lowest ponderal index 

att birth and the highest BMI at age 11 compared to men with the highest 

ponderall  index at birth and the lowest BMI in childhood, is among the largest 

foundd in cardiovascular epidemiology. These findings may be a new 

explanationn for the epidemics of coronary heart disease that accompany 

Westernisation.. Chronically malnourished women are short and light and their 

babiess tend to be thin. The immediate effect of improved nutrition is that not 

onlyy women but also children become fat, whereas fetal nutrition remains 

limitedd by intergenerational constraints on placental growth. These changes are 

associatedd with an increased risk of coronary heart disease. With continued 

improvementss in nutrition, women become taller and heavier; their babies are 

adequatelyy nourished, and maternal fatness no longer increases the risk of 

coronaryy heart disease. 

Thee Dutch famine - though a historical disaster - provides a unique 

opportunityy to study effects of undernutrition during gestation in humans. The 

faminee was remarkable in three respects. First, famine has seldom, if ever, 

struckk where extensive, reliable and valid data allow the long-term effects to be 

studied.. Second, the famine was sharply circumscribed in both time and place. 

And,, third, the type and degree of nutritional deprivation during the famine 

weree known with a precision unequalled in any large human population before 

andd since. All these characteristics bring about that the Dutch famine can be 

consideredd as a unique 'experiment of history' to test the fetal origins 

hypothesis. . 
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Thee Dutch famine 1944 -1945 

Afterr weeks of heavy fighting following the invasion on the 6th of June 1944, 

thee Allied forces finally broke through German lines. With lightning speed the 

Alliedd troops took possession of much of France, Luxembourg and Belgium. 

Byy the 4th of September 1944 the Allies had the strategic city of Antwerp in 

theirr hands, and on the 14th they entered the Netherlands. Everyone in the 

Netherlandss expected that the German occupation would soon be over. The 

advancee went so quickly that also the commanders of the Allied forces 

thoughtt it would be only a matter of days before the Germans would 

surrender.. But the advance of the Allies to the north of the Netherlands came 

too a halt when attempts to get control of the bridge across the river Rhine at 

Arnhemm (operation 'Market Garden') failed. 

Inn order to support the Allied offensive, the Dutch government in exile 

hadd called for a strike of the Dutch railways. As a reprisal, the Germans 

bannedd all food transports. This embargo on food transports was lifted in 

earlyy November 1944, when food transport across water was permitted again. 

Byy then, it had become impossible to bring in food from the rural east to the 

urbann west of the Netherlands because most canals and waterways were 

frozenn due to the extremely severe winter of 1944 - 1945, which had started 

unusuallyy early. Consequendy, food stocks in the urban west of the 

Netherlandss ran out rapidly. 

Ass a result, the official daily rations for the general adult population — 

whichh had decreased gradually from about 1800 calories in December 1943, to 

14000 calories in October 1944 - fell abrupdy to below 1000 calories in late 

Novemberr 1944. At the height of the famine from December 1944 to April 

1945,, the official daily rations varied between 400 and 800 calories. Children 

youngerr than 1 year were relatively protected, because their official daily 

rationss never fell below 1000 calories, and the specific nutrient components 

weree always above the standards used by the Oxford Nutritional Survey. 24 

Pregnantt and lactating women were entitled to an extra amount of food, but at 

thee peak of the famine these extra supplies could not be provided anymore. In 

additionn to the official rations, food came from church organisations, central 

kitchens,, the black market and foraging trips to the countryside. 25 After the 

liberationn of the Netherlands in early May 1945, the food situation improved 

swiftly.. In June 1945, the rations had risen to more than 2000 calories. 24 
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Theree was a serious shortage of fuel during the war which caused a 

graduall  decrease and finally a complete shutting down of the production of 

gass and electricity, and in several places even the water supply had to be cut 

off,, while the authorities were unable to provide fuel for stoves and furnaces 

inn homes. Throughout the winter of 1944 — 1945 the population had to live 

withoutt light, without gas, without heat, laundries ceased operating, soap for 

personall  use was unobtainable, and adequate clothing and shoes were lacking 

inn most families. In hospitals, there was serious overcrowding as well as lack of 

medicines.. Above all, hunger dominated all misery. 

Thee famine had a profound effect on the general health of the 

population.. In Amsterdam, the mortality rate in 1945 had more than doubled 

comparedd to 1939, and it is very likely that most of this increase in mortality 

wass attributable to malnutrition. 26 But, even during this disastrous famine 

womenn conceived and gave birth to babies, and it is in these babies that the 

effectss of maternal malnutrition during different periods of gestation on health 

inn adult life can be studied. Because of its unique experimental characteristics, 

itt is nott surprising that people born around the time of the Dutch famine have 

beenn studied by many investigators. 

Faminee studies 

DutchDutch famine 

Thee period of starvation ceased early in May 1945 immediately after the final 

surrenderr of the Germans. In addition to the immediate provision of food 

afterr the war, medical aid was a top priority for the Netherlands. Doctors from 

thee UK and US were sent to survey medical needs. Clement Smith from 

Harvardd Medical School was among the first to witness the effects of the 

faminee on the health of the Dutch population. He immediately saw the 

opportunityy to obtain information that would help resolve important 

questionss on how poor maternal nutrition affects pregnancy and the 

developmentt of the fetus before birth. Using obstetric records from 

Rotterdamm and The Hague, he studied effects of prenatal exposure to famine 

onn pregnancy and the fetus. 27 He found that babies born during the famine 

(andd thus exposed to famine in late gestation) were about 200 g lighter at birth. 
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Laterr studies focussed on mental performance, following the increasing 

awarenesss in the late 1960s that early nutritional deprivation might cause 

irreversiblee damage to the brain.28 This study among military conscripts did 

nott demonstrate any effect of starvation during pregnancy on the adult mental 

performance.. However, men exposed to famine in early gestation were more 

likelyy to be obese, whereas those exposed in late gestation were less likely to be 

obese.. 29 More recendy, it has been shown that people conceived during the 

faminee and thus exposed in early gestation had a two-fold increase in risk of 

schizophreniaa 30 and anti-social personality disorder. 31 In men, the risk of 

congenitall  neural defects was also increased 28 which suggests that permanent 

changess in the central nervous system might be involved. Lumey 32 studied 

intergenerationall  effects of exposure to the Dutch famine and found that 

womenn who had spent the first six months of their own fetal life during the 

faminee had slighdy smaller babies than women who had not been exposed to 

faminee in utero. Later results, however, were inconsistent with these findings 

andd showed that first born babies of women who — as a fetus — had been 

exposedd to the famine in early gestation were somewhat heavier at birth. 33 

OtherOther periods of famine 

AA parallel can be drawn between the situation of the Dutch famine and the 

siegee of Leningrad. Leningrad was blockaded for 900 days from 1941 to 1944. 

Almostt a million of its 2.4 million population died. At the height of the siege, 

nutritionall  intake was as low as 300 calories per day. Birth weights of children 

bornn during that period fell by more than 500 g. However, the lack of 

consistentlyy kept records and archives, limits possibilities to study the long-

termm effects of prenatal exposure to the Leningrad siege. Nevertheless 

attemptss have been made to assess these effects. Stanner 34 compared the 

healthh of people who had been exposed to the siege in utero and in infancy with 

thatt of those exposed only in infancy and also with that of people born 

outsidee the famine area. This study did not demonstrate any effects of prenatal 

exposuree to the siege on major risk factors for cardiovascular disease, although 

peoplee exposed to the siege in utero were found to have raised plasma 

concentrationss of von Willebrand factor, which might indicate endothelial 

dysfunction.. However, the essentially different circumstances before, during 

andd after the famine period in Leningrad and in the western part of the 
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Netherlandss hamper a direct comparison between those results and ours. The 

faminee period in Leningrad lasted much longer than the Dutch famine did 

(moree than two years versus 5 — 6 months), furthermore, it was preceded and 

followedd by periods of relative shortage of food. And, finally, after the famine 

period,, the standard of living in Russia remained rather poor, whereas it 

rapidlyy improved in the Netherlands.35 

Otherr studies on the effects of prenatal exposure to wartime starvation 

includee a study performed in Wupperthal  36 and a study performed in Berlin. 37 

Thee famine in Wupperthal during 1945 - 1946 was not as extreme as the 

Dutchh famine and its effect on the size of babies at birth was smaller (a 

reductionn in birth weight of 100 g versus 200 g in the Dutch famine). Effects 

off  prenatal exposure to the Wupperthal famine on adult health have not been 

studied.. The study performed in Berlin showed that among men who had 

beenn born during periods of food shortage (1941 — 1946) the prevalence of 

diabetess was lower than among men born during times of plenty (born 

betweenn 1930 - 1939 or 1950 - 1953). 

AA study performed in the Gambia 38 has shown that people born during 

thee annual 'hungry' season had a higher mortality than those born during the 

restt of the year. In the Gambia, the rain season coincides with an annual 

hungryy period when foods from the previous harvest are seriously depleted, 

andd undernutrition is aggravated by an intensive agricultural workload. This is 

reflectedd in the reduced birth weights of babies bom during the wet hungry 

season.. Up to the age of 17 there were no differences in mortality between 

thosee born in the wet season and those born during the rest of the year. After 

agee 17, however, people who were born during the wet season were up to 10 

timestimes more likely to die prematurely in adulthood than those who were born 

duringg the dry season. This suggests that undernutrition during gestation may 

havee permanent effects on adult health. 

Objective e 

Upp to now, no studies have been able to assess the effect of undernutrition 

duringduring different periods of gestation on health in later life. During gestation, organs 

developdevelop in a predetermined order, with different organs undergoing periods of 

rapidd cell division, and therefore being in sensitive periods, at different times. 
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Itt is likely, therefore, that undernutrition at different times during gestation 

wil ll  have different effects. Because the Dutch famine lasted for only 5 — 6 

monthss we were able to study effects of exposure to the famine during 

differentt periods of gestation. The objective of the study described in this 

thesiss was to assess the effects of exposure to famine during different periods 

off  gestation on adult health and disease in general, and coronary heart disease 

andd its risk factors in particular. We traced a group of people born between 

Novemberr 1943, and February 1947, in the Wilhelmina Gasthuis in 

Amsterdam,, for whom we had detailed birth records. We compared people 

whoo had been exposed to famine in late, mid or early gestation with people 

whoo had not been exposed to famine during gestation (people who were born 

beforee the famine or people who were conceived after the famine). The effects 

off  prenatal exposure to famine on adult glucose tolerance and obesity have 

beenn described elsewhere. 39>40 It was shown that people who had been 

exposedd to famine during late or mid gestation had a reduced glucose 

tolerancee at adult age, whereas people exposed to famine in early gestation 

weree found to be more obese. In this thesis the effects of prenatal exposure to 

thee Dutch famine on blood pressure, lipid metabolism, blood coagulation, 

cardiovascularr morbidity, obstructive airways disease, perceived health in adult 

lif ee and survival up to age 50 are described. 
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Summary y 

Objective:Objective: To assess the effect of prenatal exposure to the Dutch famine of 

19444 - 1945, during which the caloric intake from protein, fat and 

carbohydratee was proportionally reduced, on blood pressures in adults now 

agedd about 50 years. 

Methods:Methods: We measured blood pressures at home and in the clinic among people 

bornn at term in one hospital in Amsterdam, The Netherlands, between 

Novemberr 1 1943 and February 28 1947, for whom we had detailed birth 

records.. Blood pressures of people exposed to famine during late (n ~ 120), 

midd (n = 109) or early gestation (n = 68) were compared with those of people 

bornn in die year before or conceived in the year after the famine (unexposed 

subjects,, n = 442). 

Results:Results: No effect of prenatal exposure on systolic and diastolic blood pressure 

wass observed. The mean systolic blood pressure taken in the clinic in those 

exposedd in late gestation, and adjusted for sex and age, was 1.3 mmHg higher 

thann in the unexposed group (95% confidence interval -1.9 to 4.4). The mean 

systolicc blood pressure differed by -0.6 mmHg (95% confidence interval -3.9 

too 2.7) for those exposed in mid gestation and -1.7 mmHg (95% confidence 

intervall  —5.6 to 2.2) for those exposed in early gestation. People who were 

smalll  at birth had higher blood pressures. A 1 kilogram increase in birth 

weightt was associated with a decrease of 2.7 mmHg (95% confidence interval 

0.33 to 5.1) in systolic blood pressure. Analyses of blood pressures measured at 

homee gave similar results. 

Conclusion:Conclusion: High blood pressure was not linked to prenatal exposure to a 

balancedd reduction of macro-nutrients in the maternal diet. However, it was 

linkedd to reduced fetal growth. We postulate that it might be the composition 

ratherr than the quantity of a pregnant woman's diet that affects her child's 

bloodd pressure in later life. 
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Introductio n n 

AA systematic review of the published literature has shown that low birth 

weightt is associated with high blood pressure both in children and adults. * 

Loww weight at birth is also associated with non-insulin dependent diabetes 2^, 

highh levels of serum cholesterol  4 and fibrinogen 5, and higher mortality from 

coronaryy heart disease. 6>7 All these associations are the result of reduced fetal 

growthh rather than premature birth. 5 This has led to the hypothesis that an 

adversee fetal environment is important in the development of coronary heart 

disease.. 5 It has been suggested that fetal undernutrition during sensitive 

periodss of rapid growth induces permanent changes in the structure and 

physiologyy of fetal organs.8 

Thee hypothesis regarding fetal origins is supported by data from animal 

experiments.. In rats, maternal malnutrition during pregnancy retards fetal 

growthh and raises blood pressure in the offspring. 9 So far, there have only 

beenn two studies on the relation between the maternal diet during pregnancy 

andd blood pressure in humans. One study showed that the balance between 

proteinn and carbohydrate in the maternal diet during late pregnancy was 

associatedd with the blood pressure in the offspring 40 years later. 10 This 

associationn between maternal diet and blood pressure of the offspring was 

independentt of size at birth. Another study showed that the blood pressures 

off  169 people exposed in utero to the Leningrad siege of 1941 — 44 were only 

slightlyy increased compared with those of 188 people born in the province of 

Leningradd but outside the city (134.7 versus 130.9 mmHg, p = 0.1). n 

Inn the present study, we assessed the effect of exposure to severe 

maternall  malnutrition at different periods of gestation on blood pressure. We 

studiedd people who had been born around the time of the Dutch famine in 

onee hospital in Amsterdam, The Netherlands. The birth records of these 

subjectss are still available, and provide detailed information on the mother, the 

coursee of pregnancy and body size at birth. We have already shown that the 

glucosee tolerance of these people was reduced after exposure to the famine in 

latee and mid gestation. 12 The Dutch famine occurred in the western part of 

thee Netherlands at the end of World War II , beginning suddenly in late 

Novemberr 1944 and ending in early May 1945 after the liberation of the 

Netherlandss by the Allied forces. At its peak in the first months of 1945, the 

officiall  rations available for the general population varied between 400 and 
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8000 calories. We compared blood pressures of those born in die year before 

andd diose conceived in die year after the famine (unexposed subjects) widi 

thosee exposed to famine during different periods of gestation (exposed 

subjects).. We measured blood pressures at the homes and during a visit to the 

clinic. . 

Subjectss and methods 

SelectionSelection procedures 

Thee selection procedures for the Dutch famine birth cohort study have been 

describedd in detail elsewhere. 12 All singletons born alive in the Wilhelmina 

Gasthuiss Hospital in Amsterdam between 1 November 1943 and 28 February 

19477 after a pregnancy duration of at least 259 days were candidates to be 

included.. We retrieved the medical records of 1380 babies born alive between 

11 November 1944 and 28 February 1946 and the records of random samples 

off  650 singletons born between 1 November 1943 and 31 October 1944 and 

6500 singletons born between 1 March 1946 and 28 February 1947. Of these, 

277 were excluded from the study because their main medical records were 

missing,, and 239 were excluded because the gestational age at birth was less 

thann 259 days. We thus included 2414 babies born alive. The 

'Bevolkingsregister'' (population registry) of Amsterdam traced 2155 (89%) of 

thee 2414 included babies. Of these, 265 had died, 199 had emigrated from the 

Netherlands,, and 164 did not allow the population registry to give us their 

address.. We visited 912 subjects, who lived in or close to Amsterdam, at home 

andd measured blood pressure successfully in 905 of them. We also asked them 

too attend the clinic, and 741 agreed to attend; we successfully measured the 

bloodd pressures in 739 of them. Birth weights according to prenatal exposure 

too famine in this group of 739 subjects were not different from the 

16755 babies who were not included (difference in birth weight adjusted for 

exposuree to famine is 28 g, p = 0.23). 

ExposureExposure to famine 

Wee defined the famine period according to the daily official food-rations for 

thee general population older than 21 years. The caloric intake from protein, 
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carbohydratee and fat was approximately proportionally reduced. The official 

rationss should be considered as a relative measure of the amount of food 

available.. A person was considered to be prenatally exposed if the average 

dailyy ration for people older than 21 years during any thirteen-week period of 

gestationn contained less than 1000 calories. The official daily rations for 

childrenn younger than one year were always higher than 1000 calories. 13 

Therefore,, children born between 7 January 1945 and 8 December 1945 were 

exposedd prenatally. We defined periods of 16 weeks each to differentiate 

betweenn those who were exposed in late gestation (bom between 7 January 

19455 and 28 April 1945), in mid gestation (born between 29 April 1945 and 

188 August 1945), and in early gestation (born between 19 August 1945 and 

88 December 1945). 

StudyStudy parameters 

Thee medical records provided information on maternal age, parity, date of last 

menstruall  period, mean systolic blood pressure during pregnancy and weight 

att die beginning of the third trimester and at the end of pregnancy (within 

22 weeks of birth). They also included records of the baby's sex, body measures 

att birth, and length and width of the placenta, and gave the occupation of the 

headd of the family. Maternal weight gain during the third trimester was 

calculatedd as the difference between the weights at the beginning and end of 

thee third trimester divided by the time interval between these weight 

measurementss and multiplied by the trimester duration (13 weeks). Ponderal 

indexx (birth weight divided by die cube of length) and head-to-birth weight 

ratioo and placental area (length x width x ft/4) were calculated from the 

measuress at birth. Head circumference was estimated as JI x (biparietal 

diameterr + occipitofrontal diameter)/2. The occupation of the head of the 

familyy was dichotomised into manual and non-manual labour, and used as a 

measuree of socio-economic status. u 

Bloodd pressures were measured four times at home (twice before and 

twicee after an interview), and four times at the clinic (twice before and twice 

afterr a physical examination). Blood pressure measurements were made in the 

non-dominantt arm using a validated automated auscultatory device 

(Profilomat;; Disetronic Medical Systems AG, Burgdorf, Switzerland). 15 All 

bloodd pressures were measured after 5 min rest while the participants were 
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seated.. The measurements were performed between January 1995 and August 

1996.. Unlike the blood pressure measurements taken at home, those taken in 

thee clinic were performed under standardised conditions, in the morning after 

ann overnight fast, and with the participants having not smoked or drunk 

coffeee or tea. We analysed the blood pressures measured at home and in the 

clinicc separately. We also measured height and weight (Seca scale) and we 

recordedd information on smoking, alcohol use and anti-hypertensive 

medication.. Current socio-economic status was coded using ISEI-92 according 

too the occupation of the participants or their partners, whichever had the 

highestt value on the scale. 16 The ISEI scale is a continuous measure which 

representss the education needed for an occupation and the income generated 

byy it, with a scale ranging from 16 for the lowest to 87 for the highest status. 

StatisticalStatistical methods 

Bodyy mass index had a skewed distribution and was therefore log transformed 

beforee analysis. We calculated the differences between the blood pressures of 

unexposedd subjects and those exposed in late, mid or early gestation 

separately.. We used multiple linear regression analysis to adjust for sex and age 

att blood pressure measurement, and in a second step also for gestational age, 

maternall  characteristics (age, parity, weight at the end of pregnancy, weight 

gain,, blood pressure and socio-economic status at birth), and adult 

characteristicss (body mass index, smoking, alcohol use, anti-hypertensive 

medicationn and current socio-economic status). Information on maternal 

weightt at the end of pregnancy, weight gain or socio-economic status at birth 

wass missing for a relatively large number of persons. Therefore, when 

adjustingg for these variables, we added a separate group for missing 

information,, after having categorised weight and weight gain into four equally 

sizedd groups. Parity, socio-economic status at birth, smoking and use of anti-

hypertensivee medication were adjusted for by adding a dichotomous variable 

intoo the linear regression model; the other variables were added to the model 

ass continuous variables. 
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Results s 

CharacteristicsCharacteristics of study population 

Two-hundredd and ninety-seven (40%) of the 739 subjects had been exposed to 

faminee in utero (table 1). Because it was more difficult to contact men, fewer 

menn than women were included, especially in the groups that had been 

exposedd to famine in utero. The mean systolic blood pressure measured in the 

clinicc was 3.8 mmHg higher in men than in women (95% confidence interval 

1.55 to 6.0). Mothers who were exposed to famine during late pregnancy were 

older,, less often primiparous, lighter at the end of pregnancy and they also 

gainedd less weight in the third trimester than mothers of unexposed subjects. 

Socio-economicc status at birth was similar across exposure groups. The mean 

systolicc blood pressure of the mother during pregnancy was lower in all 

exposedd groups. Babies exposed to famine in late or mid gestation were lighter 

andd shorter, and had smaller heads and smaller placentas than those not 

exposed.. They also had higher head-to-birth weight ratios, which suggests 

'brainn sparing'. Babies exposed to famine in early gestation seemed to be 

somewhatt heavier and longer, especially taking account of the smaller number 

off  men in this group. Adult body mass index was also higher in those exposed 

too famine in early gestation. Systolic blood pressure measured in the clinic 

increasedd by 1.1 mmHg (95% confidence interval 0.9 to 1.3) per unit (kg/m2) 

increasee in body mass index. Adult height, smoking, alcohol consumption, 

socio-economicc status and use of anti-hypertensive medication were similar in 

thee exposure groups. 

BloodBlood pressure measured in the clinic 

Afterr adjustment for sex and age, we found that the mean systolic blood 

pressuree of those exposed to famine in late gestation was 1.3 mmHg higher 

(95%% confidence interval —1.9 to 4.4) and the diastolic blood pressure was 

0.44 mmHg higher (95% confidence interval —1.6 to 2.5) than in those who 

weree not exposed (born before or conceived after). The corresponding 

differencess for those exposed in mid gestation were —0.6 mmHg 
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(95%% confidence interval —3.8 to 2.7) in systolic and —1.2 mmHg 

(95%% confidence interval —3.3 to 0.9) in diastolic blood pressure and for those 

exposedd in early gestation -1.7 mmHg (95% confidence interval -5.6 to 2.2) in 

systolicc and -0.7 mmHg (95% confidence interval —3.2 to 1.9) in diastolic 

bloodd pressure. 

Thee maternal characteristics (age, parity, weight at the end of pregnancy, 

weightt gain in the third trimester, mean systolic blood pressure and socio-

economicc status at birth) were not associated with the systolic blood pressure 

off  the offspring (p always >0.4). Birth weight, body length, head 

circumferencee and ponderal index were all inversely related to systolic blood 

pressure.. After adjustment for sex, we found that an increase of 1 kilogram in 

birthh weight was associated with a decrease of 2.7 mmHg (95% confidence 

intervall  0.3 to 5.1) in systolic blood pressure, an increase of 1 centimetre in 

lengthh with a decrease of 0.4 mmHg (95% confidence interval —0.1 to 0.9), an 

increasee of 1 centimetre in head circumference with a decrease of 0.9 mmHg 

(95%% confidence interval 0.1 to 1.6), and an increase of 1 kg/m3 in ponderal 

indexx with a decrease of 0.4 mmHg (95% confidence interval 0.0 to 0.9). 

Head-to-birthh weight ratio was positively associated with blood pressure, and 

ann increase of 1 cm/g was associated with an increase in systolic blood 

pressuree of 0.9 mmHg (95% confidence interval 0.0 to 1.8). Blood pressure 

wass not associated with placental area (p = 0.6). 

Thee effect of prenatal exposure to famine on systolic blood pressure in 

latee or early gestation was litde affected by adjustment for maternal 

characteristicss including maternal weight at the end of pregnancy or weight 

gainn in the third trimester (table 2). We also found that adjustments for adult 

characteristicss including body mass index and socio-economic status did not 

alterr the results. Adjustment for size at birth changed the differences in blood 

pressuree between those exposed to famine and those not exposed, to the same 

extentt as could be expected from the famine-related changes in size birth. 

Whenn we simultaneously adjusted for maternal characteristics (weight at the 

endd of pregnancy and weight gain), characteristics at birth (gestational age, 

birthh weight and socio-economic status), and adult characteristics (body mass 

index,, socio-economic status and use of anti-hypertensive medication), we 

foundd that systolic blood pressure differed by 1.5 mmHg (95% confidence 

intervall  -1.9 to 4.8) among those exposed in late gestation, by -0.9 mmHg 

(95%% confidence interval —4.2 to 2.4) among those exposed in mid gestation, 
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andd by -3.6 mmHg (95% confidence interval -7.5 to 0.4) among those 

exposedd in early gestation. Simultaneous adjustment for all these potential 

confounderss had also only small effects on differences in diastolic blood 

pressure.. Adjustment for gestational age at birth, maternal and adult 

characteristicss did not change the observed associations between size at birth 

andd blood pressure appreciably. For instance, after adjustment for all these 

characteristicss we found that an increase of 1 kilogram in birth weight was 

associatedd with a 3.9 mmHg (95% confidence interval 1.2 to 6.6) decrease in 

systolicc blood pressure. 

BloodBlood pressure measured at home 

Afterr adjustment for sex and age, the mean systolic blood pressure of those 

exposedd to famine in late gestation was 0.7 mmHg (95% confidence interval 

—2.33 to 3.7) lower and the diastolic blood pressure was 0.4 mmHg 

(95%% confidence interval —1.6 to 2.3) lower than in those who were not 

exposed.. The corresponding differences for those exposed in mid gestation 

weree -1.3 mmHg (95% confidence interval —4.3 to 1.7) in systolic and 

—1.77 mmHg (95% confidence interval —3.6 to 0.2) in diastolic blood pressure; 

forr those exposed in early gestation, —1.4 mmHg (95% confidence interval 

-5.11 to 2.2) in systolic and -0.9 mmHg (95% confidence interval -3.2 to 1.4) 

inn diastolic blood pressure. The associations between size at birth and blood 

pressuress measured at home, however, were similar to those based on blood 

pressuree measurements taken in the clinic. We found that an increase of 

11 kilogram in birth weight was associated with a decrease of 3.3 mmHg 

(95%% confidence interval 0.6 to 6.0) in systolic blood pressure after adjustment 

forr sex. 

Discussion n 

Wee could not demonstrate an effect of prenatal exposure to famine — during 

whichh the caloric intake from protein, fat and carbohydrate was approximately 

proportionallyy reduced — on systolic and diastolic blood pressure either taken 

inn the clinic or at home. However, we found, as many other studies have done, 

thatt small size at birth (low birth weight, short body length, thinness or small 
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headd size) was associated with higher blood pressure in later life. 1 The 

associationn between size at birth and blood pressure was only slightly altered 

byy adjustment for circumstances in early (gestational age at birth, maternal 

weight,, weight gain, socio-economic status at birth) or later life (body mass 

index,, smoking, alcohol use, present socio-economic status). 

Thee conditions during the Dutch famine rather closely matched the 

experimentall  set-up of animal studies on the effects of low-energy diets during 

pregnancy.pregnancy. The famine had a sudden beginning and end, and struck the entire 

population,, almost irrespective of social class. However, the number of births 

correspondingg to conceptions at the peak of the famine — and consequendy 

alsoo to exposure during early gestation — was about 50% lower than that 

correspondingg to pre-famine conceptions. 14 This famine-induced reduction in 

fertilityy invalidates the similarity between our study and experimental studies to 

somee extent, but by using the well-kept birth records we were able to take 

potentiallyy confounding factors into account. Selective fertility does not seem 

too explain our findings, since adjustments for maternal characteristics, which 

mightt be determinants of fertility (maternal age, parity, weight and socio-

economicc status), did not alter the results. 

Inn those exposed in utero to the Leningrad siege of 1941 — 1944 blood 

pressuree was increased by about 4 mmHg (p = 0.1) compared with those born 

inn the same period but outside the famine area. n Unfortunately, it is difficult 

too compare the results of that study with ours because the conditions before 

andd after the famine period in Leningrad and in the western part of the 

Netherlandss were essentially different. First, the Dutch famine had a shorter 

durationn than the famine in Leningrad (5 months versus more than 2 years in 

Leningrad),, and it was preceded and followed by more or less adequate 

nutrition.. Second, the Dutch people who were born around the time of the 

faminee grew up in a period of rapidly increasing affluence, whereas the 

standardd of living in Russia remained relatively poor and may have even 

deterioratedd in the past ten years. n 

Thee ability of a modier to supply the fetus with nutrients is not only 

determinedd by what she eats during pregnancy, but also by her own growth 

andd physical development over the years. The effects of malnutrition during a 

shortt period of gestation on fetal growth may therefore have been buffered by 

nutritionall  reserves built up in the mother's body. After chronic malnutrition, 

thesee reserves might be small or absent, and the effects of malnutrition during 
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gestationn might be more severe. This notion is in agreement with the results of 

studiess performed in Jamaica and the United Kingdom, in which women with 

loww triceps skinfold thickness, which suggests chronic malnutrition, were 

shownn to have children with higher blood pressures. 18>19 In experiments with 

rats,, undernutrition before and throughout pregnancy increased blood 

pressuree more strongly than undernutrition over short periods, also suggesting 

thatt the effect of maternal malnutrition depends on its duration. 20 

Thee official record of rations during the Dutch famine indicated that the 

caloricc content of the diet decreased strongly, but the balance between protein, 

carbohydratee and fat remained approximately the same. We could not 

demonstratee that prenatal exposure to such a balanced reduction of macro-

nutrientss had an effect on blood pressure. Recendy, it was found, however, 

thatt the blood pressures of 40-year-old men and women in Aberdeen were 

relatedd to the balance of carbohydrate and protein in their mothers' diet during 

pregnancy.. At either extreme of this balance, their blood pressures were raised, 

evenn if their growth in utero was hardly affected. t0 These findings are in 

agreementt with results of animal studies which showed that the effects of 

proteinn restriction in the diet of pregnant rats on the blood pressure of their 

offspringg are stronger than the effects of caloric restriction with a balanced 

reductionn of all macro-nutrients. 9^^2 Moreover, the effects seem to depend 

nott only on the composition of the diet with respect to macro-nutrients in 

general,, but also with respect to particular fatty acids 20 or amino acids 

(Langley-Evans,, personal communication, 1997). All this suggests that blood 

pressuree of offspring depends not so much on how much the mother eats 

duringg pregnancy as on what she eats. 

Conclusions s 

Ourr study showed that a short period of a proportionate reduction in nutrients 

hass only a small effect on fetal growth and littl e if any effect on the blood 

pressuree of the offspring. We confirmed, however, that reduced fetal growth is 

relatedd to raised blood pressure. We consider it likely that more prolonged 

periodss of undernutrition or deviations in the balance of macro-nutrients in 

thee maternal diet have an appreciable effect on blood pressure. These findings 

contrastt with findings of the glucose tolerance in the same group of people. 

Wee found that prenatal exposure to famine in late and mid gestation reduced 
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glucosee tolerance even if the effect on fetal growth was small. 12 This suggests 

thatt glucose metabolism and blood pressure are programmed in fetal life 

throughh different maternal influences. 
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Summary y 

Objective:Objective: To assess the link between maternal diet during pregnancy and blood 

pressuree of the offspring. 

Methods:Methods: We measured blood pressures of people born at term as singletons 

betweenn November 1943 and February 1947 in a university hospital in 

Amsterdam,, the Netherlands. We used information on the official rations 

providedd to adults in Amsterdam as a proxy for maternal nutritional intake 

duringg pregnancy. 

Results:Results: Adult blood pressure was not associated with protein, carbohydrate or 

fatt intake during any period of gestation. We found, however, after adjustment 

forr sex that the systolic blood pressure decreased by 0.6 mmHg 

(95%% confidence interval 0.1 to 1.1) for every one percent increase in 

protein/carbohydratee ratio in the third trimester. This association was present 

bothh in people who had been exposed to the famine during gestation as well as 

inn those who had not been exposed. The association between 

protein/carbohydratee ratio in the third trimester and adult blood pressure was 

furthermoree independent of maternal weight gain and final weight, and birth 

weightt (increase for every one percent increase in protein/carbohydrate ratio 

0.66 mmHg (95% confidence interval 0.0 to 1.2)). Adjustment for adult 

characteristicss such as BMI, smoking and socio-economic status did not affect 

thee observed association appreciably (adjusted increase 0.5 mmHg 

(95%% confidence interval 0.0 to 1.0)) 

Conclusion:Conclusion: Adult blood pressure seems to be affected by small variations in the 

balancee of macro-nutrients in the maternal diet during gestation rather than by 

relativelyy large variations in the absolute amounts. 
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Introductio n n 

Studiess performed in Europe, America and Asia have shown that small size at 

birthh is associated with raised blood pressure in adult life. l It is thought that 

thiss association is the result of adaptations made by the fetus in response to 

undernutritionn in late gestation. 2 Recently, we studied the effects of prenatal 

exposuree to maternal malnutrition in 50-year-old men and women born in 

Amsterdamm around the time of the Dutch famine, a 5 — 6 month period of 

severee food shortage during which the caloric intake from protein, 

carbohydratee and fat was more or less proportionately reduced. 3 We found 

thatt people who had been exposed to famine in late gestation had only slightly 

andd non-significantly increased blood pressures compared to those who had 

nott been exposed to famine in utero. However, animal experiments have shown 

thatt undernutrition of pregnant rats permanendy raises blood pressure in the 

offspring.. 4 These experiments have demonstrated that the size of the effect 

onn blood pressure depends upon the type of undernutrition. The effects of 

proteinn restriction are up to three times larger than those of caloric restriction.5 

Moreover,, there is now also evidence in humans that the balance of macro-

nutrientss in the maternal diet during pregnancy is linked to the blood pressure 

off  the offspring in humans. A study performed in Aberdeen showed that the 

bloodd pressure of 40-year-old men and women was related to the balance of 

animall  protein and carbohydrate in their mothers' diet during late pregnancy. 6 

Ann imbalance in either direction was associated with raised systolic and 

diastolicc blood pressure. Most mothers in that study ate less than 50 g animal 

proteinn a day. Among them, carbohydrate intake in late pregnancy was 

positivelyy associated with their offspring's blood pressure. On the other hand, 

inn women who ate more than 50 g animal protein daily, the blood pressure of 

theirr offspring decreased with increasing carbohydrate intake in late 

pregnancy.. Furthermore, a randomised trial of calcium supplementation in the 

secondd half of pregnancy showed that the children of mothers who received 

thee supplement had lower blood pressures than the control group.7 

Thesee animal and human studies suggest that blood pressure is more 

stronglyy linked with the composition rather than the quantity of the maternal 

diett during pregnancy. Therefore, we assessed to what extent variations in the 

compositionn of the maternal diet during different periods of gestation are 

associatedd with blood pressure in adult life in the Dutch famine birth cohort. 

Wee examined the associations between maternal nutritional intake of macro-
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nutrientss and the balance of macro-nutrients in the maternal diet during 

differentt periods of gestation and blood pressure in adult life. 

Methods s 

Subjects Subjects 

Thee selection procedures of this study have been described in detail 

elsewhere.3-88 All singleton babies born alive in the Wilhelmina Gasthuis in 

Amsterdamm between 1 November 1943 and 28 February 1947 were candidates 

too be included. We excluded those whose birth records were not available 

(1.0%)) or those who were born prematurely (8.9%, gestational age below 

2599 days). In all, 2414 liveborn singletons were included. 

Thee 'Bevolkingsregister' of Amsterdam (population registry) traced 2155 

(89%)) of the 2414 included babies. Of these, 265 had died, 199 had emigrated 

fromm the Netherlands, and 164 did not allow the population registry to give us 

theirr address. Of the remaining 1527, we interviewed 912 people (who lived in 

orr close to Amsterdam) at home and asked them to attend the clinic; 741 

attendedd the clinic, and we measured blood pressure successfully in 739. Birth 

weightss according to prenatal exposure to famine in this group of 739 subjects 

weree not different from the 1675 who were not included (difference in birth 

weightt adjusted for exposure was 28 g, p = 0.23). 

MaternalMaternal nutritional intake 

Forr the purpose of our analyses we used the official daily rations for people 

overr 21 years of age. These rations accurately reflect the variation over time in 

thee total amount of food available in the west of the Netherlands. 9 In addition 

too these official rations, food also came from other sources (e.g. church 

organisations,, central kitchens, and the 'black market7), and the actual caloric 

intakee was roughly twice as high. The rations should therefore only be taken as 

aa relative measure of nutritional intake for the population as a whole. 

Thee official rations were determined weekly by the National Bureau for 

Foodd Distribution during War Time. We used weekly protein, carbohydrate 

andd fat intake to calculate the percentage of energy derived from protein, 

carbohydratee and fat during each week, and also to calculate the 
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protein/carbohydratee ratio. We assumed that birth took place in the 40*  week 

off  gestation and estimated the intakes in the first, second and third trimester as 

thee average intake during week 1 to 13, week 14 to 26, and week 27 to 39, 

respectively.. We considered a baby to be exposed to famine in utero if the 

averagee maternal daily ration during any 13-week period of gestation was 

beloww 1000 calories. Babies born between 7 January 1945 and 8 December 

19455 were thus exposed in utero. 

StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  the pregnancy and the size of the baby at birth. Maternal weight gain in the 

thirdd trimester was calculated from the difference in weight at the beginning 

andd end of the third trimester divided by the duration of the time interval 

betweenn the 2 measurements and multiplied by the duration of the trimester 

(133 weeks). 

Socio-economicc status at birth was derived from the occupation of the 

headd of the family, which was dichotomised into manual and non-manual 

class.. Socio-economic status at age 50 was determined from the subject's or 

partner'ss occupation, whichever was highest, according to the socio-economic 

indexx (ISEI-92) with a scale ranging from 16 for the lowest to 87 for the 

highestt status.10 

StatisticalStatistical methods 

Wee used multiple linear regression analyses to assess the association between 

nutritionall  intake and blood pressure in adult life. We always adjusted for sex. 

Secondly,, we adjusted for adult characteristics BMI, smoking, socio-economic 

statuss and age. Finally, we also adjusted for maternal weight gain and weight at 

thee end of pregnancy and size of the baby at birth. Information on maternal 

weightt at the end of pregnancy and weight gain was missing for a relatively 

largee number of participants. Therefore, when adjusting for these variables, we 

imputedd the mean value for that variable if information was missing and added 

aa separate variable indicating missing information. 

Maternall  nutritional intake and age of the participant at blood pressure 

measurementt were both directly derived from the date of birth of the 

participant,, and found to be strongly related (for example the correlation 
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coefficientt of the protein/carbohydrate ratio in the third trimester and age was 

—0.62).. Blood pressure increased with age (systolic blood pressure increased by 

1.88 mmHg (95% confidence interval 0.5 to 3.0) per year of life). This is 

considerablyy higher than the increase of 0.8 mmHg per year reported in a 

studyy assessing age-related changes in blood pressure in healthy men and 

women.. n Because of the strong correlation between nutritional intake and 

agee we compared effects of two different approaches to adjust for age. First, 

wee standardised the blood pressure to the age of 50 by using the reported 

annuall  0.8 mmHg increase in systolic blood pressure. u Second, we adjusted 

forr age by adding the age of the participant into the linear regression model. 

Results s 

Figuree 1 shows the total caloric content of the official rations for adults in 

Amsterdamm as well as the amount of protein, carbohydrate and fat per week as 

aa function of time. The caloric content of the official rations was about 

17000 calories per day from April 1941 to January 1944. Around 70% of energy 

camee from carbohydrate, 12% from protein, and 18% from fat. The caloric 

contentt gradually decreased to about 1400 calories in October 1944, and fell 

beloww 1000 calories on 26 November 1944. The rations varied between 

4000 calories and 850 calories from December 1944 to April 1945. During the 

faminee period, between 61% and 86% of energy came from carbohydrate, 

betweenn 5% and 14% from protein, and between 4% and 26% came from fat. 

Onn May 12, 1945, one week after the final surrender of the German forces in 

thee West of the Netherlands, the official daily rations rose above 1000 calories. 

Inn June 1945, rations were over 2000 calories and around 65% of energy came 

fromm carbohydrate, 13% from protein and 22% from fat. 

AdultAdult blood pressure 

Adultt blood pressure was not significandy associated with total caloric, 

protein,, carbohydrate or fat intake during any week of gestation (table 1 and 

2).. It was, however, negatively associated with the protein/carbohydrate ratio 

inn weeks 32-38. After adjustment for sex, the decrease in blood pressure for 
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caloriess carbohydrate fat protein 

Figuree 1. Calories, carbohydrate, fat and protein in official weekly rations for 

adultss between April 1941 and April 1947. 

4/27/46 6 4/27/47 7 

Figuree 2. Protein/carbohydrate ratio in the official weekly rations for adult 

betweenn April 1941 and April 1947. 

everyy percent increase in the protein/carbohydrate ratio varied from 

0.44 mmHg (95% confidence interval 0.0 to 0.9) in week 33 of gestation to 

0.66 mmHg (95% confidence interval 0.1 to 1.0) in week 37 of gestation. 

Consequently,, we found that adult blood pressure was inversely related 

too the average protein/carbohydrate ratio in the third trimester, but not in the 
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decreasedd by 0.6 mmHg (95% confidence interval 0.1 to 1.1) for every one 

percentt increase in protein/carbohydrate ratio in the third trimester. The 

associationn between protein/carbohydrate ratio in the third trimester and 

bloodd pressure was present both in people who had been exposed to the 

faminee during gestation as well as in those who had not been exposed to 

faminee in utero (those born before or conceived after the famine), which 

indicatess that this association is independent of starvation. After adjustment 

forr sex, systolic blood pressure decreased by 0.6 mmHg (95% confidence 

intervall  —0.1 to 1.3) for every one percent increase in protein/carbohydrate 

ratioratio in people who had been exposed to famine in utero, and 0.7 mmHg 

(95%% confidence interval -0.1 to 1.5) in the unexposed. 

Usingg an 0.8 mmHg increase in systolic blood pressure per year to adjust 

forr age (see methods), we found that systolic blood pressure decreased by 

0.44 mmHg (95% confidence interval -0.1 to 0.9) for every one percent 

increasee in the protein/carbohydrate ratio in the third trimester. Adding age 

intoo the linear regression model, we found a 0.3 mmHg (95% confidence 

intervall  —0.4 to 1.0) decrease in blood pressure for every one percent increase 

inn protein/carbohydrate ratio. 

Thee association between protein/carbohydrate ratio in the third 

trimesterr and systolic blood pressure was largely independent of adult 

characteristics.. For example, using an 0.8 mmHg increase in blood pressure 

perr year we found that blood pressure decreased by 0.5 mmHg 

(95%% confidence interval 0.0 to 1.0) for every one percent increase in the 

protein/carbohydratee ratio after adjustment for BMI, smoking and socio-

economicc status at adult age. 

MaternalMaternal weight gain, maternal weight and si%e of the baby at birth 

Maternall  weight gain in the third trimester and weight at the end of pregnancy 

increasedd with increasing protein/carbohydrate ratio in the third trimester 

(tablee 2). Weight gain increased by 0.7 kg (95% confidence interval 0.6 to 0.8), 

andd maternal weight 0.6 kg (95% confidence interval 0.3 to 0.9) for every one 

percentt increase in protein/carbohydrate ratio in the third trimester. The 

protein/carbohydratee ratio in the third trimester was also positively associated 

birthh weight. After adjustment for sex, birth weight increased by 
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Tablee 1. Adult systolic and diastolic blood pressure and BMI according to 

maternall  caloric intake in the third trimester. 

Caloricc intake 
inn 3rd trimester (n) 

<10000 (168) 
1000-12500 (39) 
1250-1500(89) ) 
1500-1750(127) ) 
1750-20000 (71) 
>20000 (245) 
pp for trend adjusted for sex 

Systolicc blood 
pressure e 
(mmHg) ) 

126.4 4 
122.5 5 
126.4 4 
123.6 6 
124.7 7 
125.2 2 
0.14 4 

Diastolicc blood 
pressure e 
(mmHg) ) 

85.5 5 
82.4 4 
86.4 4 
84.6 6 
85.0 0 
85.5 5 
0.41 1 

BMI I 

(kg/m2) ) 

26.6 6 
26.8 8 
26.8 8 
26.7 7 
27.2 2 
27.4 4 
0.05 5 

Tablee 2. Adult systolic and diastolic blood pressure and BMI according to 

maternall  protein/carbohydrate intake in the third trimester. 

Protein/carbohydrate e 
inn 3rd trimester (n) 

<15%% (107) 
15%-16%(167) ) 
16%-17%% (176) 
17%-18%% (75) 
18%-19%% (52) 
19%-20%% (61) 
>20%% (101) 
pp for trend adjusted for sex 

systolicc blood 
pressure e 
(mmHg) ) 

126.1 1 
126.1 1 
126.3 3 
123.5 5 
122.0 0 
124.0 0 
124.3 3 
0.02 2 

diastolicc blood 
pressure e 
(mmHg) ) 

84.7 7 
85.8 8 
85.5 5 
85.1 1 
83.4 4 
85.4 4 
85.2 2 
0.20 0 

BMI I 

(kg/m m 

26.5 5 
26.8 8 
26.9 9 
27.0 0 
27.6 6 
26.5 5 
27.7 7 
0.13 3 

355 g (95% confidence interval 19 to 51) for every one percent increase in the 

protein/carbohydratee ratio in the third trimester. Similar associations were 

foundd for birth length, head circumference and ponderal index. 

Maternall  weight gain and weight at the end of pregnancy were not 

significantlyy associated with blood pressure (p always > 0.1). Size at birth was 

inverselyy associated with blood pressure. For example, after adjustment for 

sex,, systolic blood pressure decreased by 2.6 mmHg (95% confidence interval 

0.22 to 5.0) for every kg increase in birth weight. 

Thee association between protein/carbohydrate ratio in the third 

trimesterr and adult blood pressure was independent of maternal weight gain, 
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weightt and birth weight. Using an 0.8 mmHg increase in blood pressure per 

year,, we found that after adjustment for these variables blood pressure 

decreasedd by 0.6 mmHg (95% confidence interval 0.0 to 1.2) for every one 

percentt increase in protein/carbohydrate ratio. 

Discussion n 

Wee found that adult blood pressure was higher in people whose mothers had a 

loww protein intake in relation to carbohydrate intake during the third trimester. 

Thiss was found both in those exposed to maternal malnutrition during 

gestationn and those not exposed, which indicates that effects of variations in 

thee balance of protein and carbohydrate were independent of maternal 

starvation.. We have previously reported that prenatal exposure to the Dutch 

faminee had only a slight, if any, effect on adult blood pressure. 3 The present 

findingss suggest that blood pressure of the offspring is more strongly affected 

byy small variations in the balance of macro-nutrients than by relatively large 

changess in absolute amounts of nutrients in the maternal diet during 

pregnancy. pregnancy. 

Wee used the official daily rations for adults as a proxy for actual 

nutritionall  intake. However, in addition to the official rations, food also came 

fromm church organisations, central kitchens, and the 'black market'. The 

rationss should be regarded as a relative measure of the availability of food, as 

thee amount of food actually available were almost twice as high as the official 

rations.. 9 However, the official rations rather accurately reflected the variation 

overr time in the total amount of food available in the west of the 

Netherlands.99 It is therefore likely that the protein/carbohydrate ratio derived 

fromm the official rations represents more accurately the actual intake than the 

absolutee measures of nutritional intake. We consider it unlikely, however, that 

ourr finding that blood pressure was linked with the balance but not with any 

absolutee measure of intake is merely the result of the fact that the rations more 

accuratelyy reflect the balance of macro-nutrients than the absolute amounts of 

nutrientss in the maternal diet. 

Maternall  nutritional intake and age were highly correlated, which implies 

thatt adjusting for age by adding it into the regression model might affect the 

accuracyy of the coefficient representing the association of the 

protein/carbohydratee ratio in the third trimester and blood pressure. To 
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evaluatee this problem of collinearity, we not only adjusted for age by adding 

agee into the regression model but also by standardising blood pressure using 

thee age-related increase in blood pressure found in another population of 

healthyy men and women of similar age. n The association between 

protein/carbohydratee ratio in the third trimester and blood pressure was 

slighdyy less attenuated when we used the external standard than when adding 

agee into the regression model. The effect size, however, was similar in both 

approachess and the results suggest that the association between the maternal 

intakee and blood pressure is largely independent of the participants' age. 

Remarkably,, blood pressure of the offspring was found to be more 

stronglyy linked to relatively small variations in the balance of macro-nutrients 

thann to large changes in absolute amounts of nutrients in the maternal diet 

duringg pregnancy. This is consistent with results from a study in Aberdeen that 

showedd that the combination of low intake of animal protein and high intake 

off  carbohydrate was associated with raised blood pressure in the 40-year old 

offspring.55 Similarly, animal experiments have shown that the effects of giving 

loww protein diets with unrestricted caloric intake, where protein is substituted 

byy carbohydrate, affected the offspring's blood pressure more strongly than a 

reductionn of caloric intake, where the balance of macro-nutrients is 

unaffected.44 It was found furthermore that the effects of protein restriction 

duringg gestation depend on the source of macro-nutrients in die diet. Giving a 

loww protein diet to pregnant rats raised blood pressure in experiments if the 

dietsdiets contained fats rich in linoleic acid 4, whereas no effects on blood pressure 

weree found in similar experiments using a diet containing fats rich in linolenic 

acid.12 2 

Wee found indications that adult blood pressure was linked to the 

balancee between protein and carbohydrate intake during the third, but not the 

secondd or first trimester of gestation. This suggests that late gestation is a 

criticall  period for the nutritional programming of blood pressure. We can only 

speculatee on the biological mechanisms that could range from resetting of 

hormonall  thermostats to structural changes of the kidneys. Some animal 

studiess provide evidence suggesting that maternal glucocorticoids might play 

ann important role in the programming of blood pressure by protein restriction 

duringg gestation. It has been shown that protein restriction during gestation 

down-regulatess the expression of placental 11 (3-hydroxysteroid-

dehydrogenase13,, which protects the fetus from exposure to glucocorticoids 
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fromm the maternal circulation. The ensuing over-exposure of the fetus to 

glucocorticoidss permanently increases the number of glucocorticoid receptors 

inn vascular tissue and the brain 13
}  reduces the number of renal nephrons, 

impairss renal function u , and raises blood pressure in later life.15 
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Summary y 

Objective:Objective: We studied the effects of maternal malnutrition during specific 

periodss of gestation on plasma lipid profile in people aged about 50. 

Methods:Methods: We assessed the plasma lipid profile of 704 men and women born at 

termm as singletons in a university hospital in Amsterdam, the Netherlands, 

betweenn 1 November 1943, and 28 February 1947, around the time of a severe 

famine. . 

Results:Results: People exposed to famine in early gestation had a more atherogenic 

lipidd profile than those who were not exposed to famine in utero. Their 

LDL/HD LL cholesterol ratios were significandy higher (13.9%, 

95%% confidence interval 2.6 to 26.4). Also, their plasma HDL cholesterol and 

apolipoproteinn A concentrations tended to be lower, and their plasma total 

cholesterol,, LDL cholesterol, and apolipoprotein B concentrations tended to 

bee increased, although these differences were not statistically significant. The 

effectt of famine was independent of size at birth and adult obesity. 

Conclusion:Conclusion: An atherogenic lipid profile might be linked to a transition from 

poorr maternal nutrition in early gestation to adequate nutrition later on. This 

suggestss that maternal malnutrition during early gestation may program lipid 

metabolismm without affecting size at birth. 
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Introductio n n 

Smalll  body size at birth has been reported to be associated with an atherogenic 

lipidd profile (high plasma LDL cholesterol and low plasma HDL cholesterol 

concentrations).. Some investigators found associations between low birth 

weightt and reduced HDL cholesterol or high plasma triglyceride 

concentrationss 13, others between short body length at birth or reduced 

abdominall  circumference and raised total cholesterol, LDL cholesterol and 

apolipoproteinn B. 4-5 

Observationss in guinea pigs and rats suggest that manipulations of 

maternall  dietary intake during gestation permanendy alter cholesterol synthesis 

andd plasma cholesterol concentrations. 6~9 So far, the only study in humans on 

thee effect of maternal nutrition during gestation on later cholesterol 

concentrationss was performed in people prenatally exposed to famine at the 

timee of the 900 day Leningrad siege (1941 — 1944), and this study did not 

showw any significant effects. 10 

Wee now present the effect of prenatal undernutrition during specific 

periodss in pregnancy on lipid profile in adults bom around the time of famine 

inn the Netherlands during 1944 — 45. The Dutch famine was a 5-month period 

off  extreme malnutrition in the western part of the Netherlands which was 

clearlyy delineated in time. We have already shown that the glucose tolerance of 

thesee people was reduced after prenatal exposure to famine especially in late or 

midd gestation n, and that women exposed to famine in early gestation had an 

increasedd body mass index. 12 We assessed lipid profiles of people exposed to 

faminee during late, mid or early gestation (exposed subjects) and people born 

inn the year before or those conceived in the year after the famine (non-

exposedd subjects). 

Methods s 

SelectionSelection procedures 

Alll  5425 babies born in the Wilhelmina Gasthuis in Amsterdam between 

Novemberr 1, 1943 and February 28, 1947 were candidates to be included. 

Mostt patients in this hospital came from lower to middle social classes, but 
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littl ee is known about the actual referral pattern during the period of our study. 

Firstly,, we excluded 349 babies who were stillborn or part of a multiple 

pregnancy.. Secondly, we retrieved the medical records of all 1380 babies born 

betweenn November 1, 1944 and February 28, 1946, who were potentially 

exposedd to famine during gestation. Thirdly, we retrieved the records of a 

randomm sample of 650 out of the 1305 babies born in the year before that 

periodd (born between November 1,1943 and October 31,1944) and a random 

samplee of 650 out of the 2391 babies conceived in the year after that period 

(bornn between March 1, 1946 and February 28, 1947). Of these 2680 babies, 

277 (1.0%) were excluded because their birth record was missing and 239 

(8.9%)) were excluded because they were born prematurely (gestational age at 

birthh below 259 days, either as computed from the date of the last menstrual 

period,, or as estimated by the obstetrician at the first prenatal visit and at the 

physicall  examination of the baby just after birth). In all, 2414 liveborn 

singletonss were included. 

Thee 'Bevolkingsregister' of Amsterdam (population registry) traced 2155 

(89%)) of the 2414 included babies. Of these, 265 had died, 199 had emigrated 

fromm the Netherlands, and 164 did not allow the population registry to give us 

theirr address. Of the remaining 1527, we asked 912 people who lived in or 

closee to Amsterdam to participate. 741 attended the clinic, and fasting blood 

sampless could be successfully analyzed for plasma lipid and lipoprotein 

measurementss in 704. Birth weights in this group of 704 subjects (mean birth 

weightt 3348 g) were not different from the 1710 who were not included (mean 

birthh weight 3332 g, p adjusted for exposure = 0.3). 

ExposureExposure to famine 

Wee defined the famine period according to the daily official food-rations for 

thee general population older than 21 years. The amount of protein, 

carbohydratee and fat decreased more or less proportionately. The official 

rationss reflected rather accurately the variation over time in the total amount 

off  food available in the west of the Netherlands. 13 In addition to the official 

rations,, food came also from other sources (e.g. church organizations, central 

kitchens,, and the 'black market*), and the amount of food actually available to 

individualss was roughly twice as high as the official rations. Pregnant and 

lactatingg women were entitled to an extra amount of 600 calories (2520 kj) a 

day,, but at the peak of the famine these extra supplies could not always be 
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provided.. It is also likely that most women shared these extra supplies with 

theirr families. The rations should therefore only be taken as a relative measure 

off  nutritional intake for the population as a whole. 

Thee official rations were about 1800 calories (7560 k|) per day in 

Decemberr 1943. This figure gradually decreased to about 1400 calories 

(58800 kj) in October 1944, and fell below 1000 calories (4200 kj) on 

266 November 1944. The rations varied between 400 calories (1680 kj) and 

8000 calories (3360 kj) from December 1944 to April 1945, and rose above 

10000 calories (4200 kj) on 12 May 1945, one week after liberation by the Allied 

forces.. In June 1945, rations were over 2000 calories (8400 kj). Children 

youngerr than 1 year were relatively protected during the famine, because their 

officiall  daily rations were always higher than 1000 calories (4200 kj).14 

Wee considered fetuses to have been exposed to famine if the average 

dailyy rations for people older than 21 during any thirteen-week period of 

gestationn were less than 1000 calories (4200 kj). Therefore, babies born 

betweenn January 7, 1945 and December 8, 1945 were exposed in utero. We 

usedd three periods of 16 weeks to differentiate between people who were 

exposedd in late gestation (born between January 7,1945 and April 28,1945), in 

midd gestation (born between April 29, 1945 and August 18, 1945), and in early 

gestationn (born between August 19,1945 and December 8,1945). 

StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  the pregnancy and the size of the baby at birth (for detailed information see 

referencee 11). We also recorded the method of infant feeding at discharge, 

whichh took place about 10 days after delivery, and classified it as exclusive 

breastt feeding, partial bottle feeding and exclusive bottle feeding.18 Maternal 

weightt gain in the third trimester was calculated from the difference in weight 

att the beginning and end of the third trimester divided by the duration of the 

timetime interval between the 2 measurements and multiplied by the duration of 

thee trimester (13 weeks) The socio-economic status at birth was dichotomized 

intoo manual and non-manual labor according to the occupation of the head of 

thee family.15 

Totall  plasma cholesterol, HDL and LDL cholesterol, triglycerides, 

apolipoproteinn A and apolipoprotein B concentrations were measured by 

standardd enzymatic methods. 16'17 We measured height (with a fixed 
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stadiometer)) and weight (Seca scale, Hamburg, Germany). All subjects were 

interviewedd about their medical history, lifestyle and use of medication. 

Currentt socio-economic status was coded using ISEI-92 according to the 

occupationn of the participants or their partners; whichever was highest. 19 

Valuess ranged from 16 (low status) to 87. 

StatisticalStatistical methods 

Wee calculated the differences between the lipid profiles of unexposed subjects 

andd those exposed in late, mid or early gestation. The variables HDL 

cholesterol,, LDL/HD L ratio, serum triglycerides and BMI had a skewed 

distribution,, and were log transformed before analysis. The results for these 

variabless are given as the geometric means and standard deviations and the 

differencess are given as relative differences expressed as percentages of the 

meansmeans of non-exposed people. Firsdy, we used multiple linear regression 

analysiss to adjust for sex. Secondly, we also adjusted for adult BMI, and after 

thatt also for adult characteristics (current socio-economic status, smoking, and 

usee of lipid lowering medication), and for maternal characteristics (age, parity, 

weightt at last prenatal visit, socio-economic status at birth). We computed 

95%% confidence intervals. 

Forr a relatively large number of participants, information on maternal 

weightt at the end of pregnancy, weight gain or socio-economic status at birth 

wass missing. Therefore, when adjusting for maternal weight or weight gain, we 

sett the value for that variable with missing values to the mean of the non-

missingg values and entered an extra variable into the regression model with a 

valuee of 1 for those with missing values for that variable and a value of 0 for 

thee rest. When adjusting for categorical variables (parity, socio-economic 

statuss at birth, smoking, use of lipid-lowering medication), we added an extra 

categoryy for those participants with missing values. 

Results s 

Off  the 704 people included in the study, 283 (40.2%) had been exposed to 

faminee in utero (table 1). Because it was more difficult to contact men, they 

weree underrepresented in the groups that were exposed to famine in utero. 

Weightt at the last prenatal visit was lower in mothers exposed to famine 
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duringg late and mid pregnancy than in non-exposed mothers. Weight gain 

duringg the last trimester of pregnancy was lower in mothers exposed to famine 

duringg late pregnancy (those who gave birth during the famine), and higher in 

thosee exposed in mid (those who conceived before the famine and gave birth 

afterr the famine) and those exposed in early pregnancy (those who conceived 

duringg the famine). Babies exposed to famine during late or mid gestation 

weree lighter and shorter, and had smaller heads than babies who were not 

exposed.. The percentage of babies who were exclusively breastfed in the first 

weekss after birth tended to be higher in babies exposed during mid or early 

gestation.. Adult body mass index tended to be higher in those exposed to 

faminee in early gestation, especially so in women. 

Peoplee exposed to famine in late or mid gestation tended to have lower 

totall  cholesterol concentrations (table 2) but none of the lipid or lipoprotein 

concentrationss were significantly different from the non-exposed participants 

(bornn before or conceived after the famine). People exposed to famine in early 

gestation,, however, had a more atherogenic lipid profile than those who were 

nott exposed. After adjustment for sex, their LDL/HD L cholesterol ratio was 

significantlyy higher than in non-exposed participants (table 2). Plasma HDL 

cholesteroll  and apolipoprotein A (the structural apolipoprotein linked to HDL 

cholesterol)) concentrations tended to be lower and the total cholesterol, LDL 

cholesteroll  and apolipoprotein B (the structural apolipoprotein linked to LDL 

cholesterol)cholesterol) concentrations tended to be higher than in those who were not 

exposed.. Triglyceride concentrations were not affected. 

Thee slightly higher percentage of exclusive breastfeeding in people 

exposedd to famine in mid and early gestation did not explain the observed 

effectss of prenatal exposure to famine. We found for example after adjustment 

forr the method of infant feeding that the LDL/HD L cholesterol ratio differed 

byy -6.4% (95% confidence interval -15.6% to 2.8%) in those exposed to 

faminee in mid gestation, and by 13.1% (95% confidence interval 2.4% to 

23.8%)) in those exposed to famine in early gestation. As women exposed to 

faminee in early gestation tended to have a higher body mass index, their more 

atherogenicc lipid profile might also be explained by their higher level of 

obesity.. However, adjustment for body mass index reduced the magnitude of 

thee effect only minimally. When adjusting for BMI, we found that the 

LDL/HD LL cholesterol ratio differed, although not significantly, by 7.6% 

(95%% confidence interval -7.0% to 24.5%) in men and by 12.4% 
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(95%% confidence interval -2.2% to 29.3%) in women exposed to famine in 

earlyy gestation compared to non-exposed men or women, respectively. Further 

adjustmentss for adult characteristics (socio-economic status, smoking, and use 

off  lipid lowering medication) did not alter the results. The effects of prenatal 

exposuree to famine on plasma total, LDL or HDL cholesterol, the LDL/HD L 

cholesteroll  ratio and apolipoprotein A and B were not different for men and 

womenn (p for interaction always larger than 0.2). 

Maternall  weight at last prenatal visit or maternal weight gain were not 

associatedd with any of the plasma lipid or lipoprotein concentrations (p for 

trendd adjusted for sex always larger than 0.5), and adjustment for these 

maternall  characteristics did therefore not alter the results appreciably. We also 

foundd that adjusting for other maternal characteristics (maternal age, parity, 

socio-economicc status) as well as gestational age at birth were not associated 

withh any of the plasma lipid or lipoprotein concentrations and adjusting for 

themm hardly affected our results. 

Birthh weight was positively associated with apolipoprotein A (table 3). 

Ponderall  index was positively associated with HDL cholesterol and 

apolipoproteinn A, but also with total cholesterol. Additional adjustment for 

adultt BMI did not alter these associations. Other measures at birth were not 

significantlyy associated with plasma lipid or lipoprotein concentrations. The 

effectss of exposure to famine in utero on the plasma lipid profile were hardly 

changedd however by adjustment for any body measure at birth. 

Discussion n 

Inn this study we were able to assess the effect of maternal malnutrition during 

specificc periods in gestation on lipid profile among 50-year-old people. We 

foundd that men and women exposed to famine in early gestation had a more 

atherogenicc plasma lipid profile than those who were not exposed to famine 

inin utero. Women in this group also tended to have the highest BMI, but 

adjustmentt for body mass altered the size of this effect only slighdy. People 

exposedd to famine in late or mid gestation tended to have lower total 

cholesteroll  concentrations, but these reductions were not paralleled by 

differencess in other lipid or lipoprotein concentrations. The effect of exposure 

too famine in early gestation on adult lipid profiles could not be explained by 
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Tablee 3. Means of plasma lipid and lipoprotein concentrations by size at birth. 

Birthh weight (g) 

number r 
totall  cholesterol (mmol/L) 
HDLL cholesterol * (mmol/L) 
LDLL cholesterol (mmol/L) 
triglyceridess * (g/L) 
apolipoproteinn A (g/L) 
apolipoproteinn B (g/L) 
LDL/HD LL * 

Headd circumference (cm) 

number r 
totall  cholesterol (mmol/L) 
HDLL cholesterol*  (mmol/L) 
LDLL cholesterol (mmol/L) 
triglyceridess * (g/L) 
apolipoproteinn A (g/L) 
apolipoproteinn B (g/L) 
LDL/HD LL * 

C2750 0 

62 2 
5.88 8 
1.25 5 
3.97 7 
1.20 0 
1.47 7 
1.19 9 
3.05 5 

<32 2 

186 6 
5.96 6 
1.30 0 
4.00 0 
1.15 5 
1.51 1 
1.23 3 
2.98 8 

-3250 0 

232 2 
5.92 2 
1.32 2 
3.93 3 
1.16 6 
1.54 4 
1.22 2 
2.88 8 

-33 3 

228 8 
5.96 6 
1.33 3 
4.01 1 
1.03 3 
1.55 5 
1.21 1 
2.91 1 

-3750 0 

266 6 
6.06 6 
1.36 6 
4.07 7 
1.12 2 
1.55 5 
1.23 3 
2.90 0 

-34 4 

145 5 
5.97 7 
1.30 0 
3.93 3 
1.24 4 
1.53 3 
1.23 3 
2.93 3 

>3750 0 

144 4 
5.94 4 
1.33 3 
3.97 7 
1.07 7 
1.56 6 
1.22 2 
2.87 7 

>34 4 

137 7 
6.00 0 
1.39 9 
3.99 9 
1.03 3 
1.58 8 
1.21 1 
2.76 6 

pp value 
adjusted d 
forr sex 

0.98 8 
0.25 5 
0.88 8 
0.13 3 
0.04 4 
0.97 7 
0.34 4 

pp value 
adjusted d 
forr sex 

0.73 3 
0.07 7 
0.93 3 
0.28 8 
0.03 3 
0.59 9 
0.18 8 

pp value 
adjusted d 
forr sex 

andBMI I 

0.91 1 
0.09 9 
0.77 7 
0.04 4 
0.01 1 
0.77 7 
0.17 7 

pp value 
adjusted d 
forr sex 

andBMI I 

0.87 7 
0.01 1 
0.78 8 
0.07 7 
0.01 1 
0.31 1 
0.05 5 

Ponderall  index (kg/m3) 

number r 
totall  cholesterol (mmol/L) 
HDLL cholesterol * (mmol/L) 
LDLL cholesterol (mmol/L) 
triglyceridess * (g/L) 
apolipoproteinn A (g/L) 
apolipoproteinn B (g/L) 
LDL/HD LL * 

<25 5 

200 0 
5.83 3 
1.30 0 
3.90 0 
1.11 1 
1.52 2 
1.19 9 
2.89 9 

-26 6 

121 1 
5.94 4 
1.31 1 
3.96 6 
1.16 6 
1.53 3 
1.22 2 
2.92 2 

-27 7 

128 8 
6.05 5 
1.32 2 
4.06 6 
1.16 6 
1.54 4 
1.23 3 
2.98 8 

>27 7 

248 8 
6.07 7 
1.36 6 
4.05 5 
1.12 2 
1.56 6 
1.24 4 
2.87 7 

pp value 
adjusted d 
forr sex 

0.02 2 
0.03 3 
0.09 9 
0.64 4 
0.04 4 
0.16 6 
0.65 5 

pp value 
adjusted d 
forr sex 

andBMI I 

0.01 1 
0.03 3 
0.08 8 
0.76 6 
0.04 4 
0.12 2 
0.78 8 

geometricc mean 
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differencess in maternal weight or weight gain, body size at birth, gestational 

agee at birth, or method of infant feeding among the exposure groups. 

Thee Dutch famine can be considered as a unique 'experiment of history' 

too study the effects of maternal malnutrition during different stages of 

gestationn in humans. The famine, however, had a profound effect on the birth 

ratee and early mortality. The number of births corresponding to conceptions 

att the peak of the famine — and consequendy also to exposure during early 

gestationn - was about 50% lower than its pre-famine level. 15 Perinatal 

mortalityy as well as mortality in the first year after birth were highest in those 

whoo were born during the famine period. 15 We can not exclude potential 

selectionn effects of increased abortion rates in babies who were conceived 

duringg the famine, but we consider it unlikely that the differences in birth rate 

orr early mortality can fully explain our results. First, maternal characteristics 

thatt might relate to the biological or behavioural determinants of fertility 

(maternall  age, parity, maternal weight, and socio-economic status) were not 

associatedd with plasma lipid concentrations in the adult offspring. Second, 

earlyy mortality rates were highest in those born during the famine 15, whereas 

wee found strongest effects on plasma lipid concentrations among people 

conceivedd during the famine and born after it (those exposed in early 

gestation). . 

AA study in people who were born in or around Leningrad at the time of 

thee siege (1941 - 1944) showed that lipid and lipoprotein concentrations were 

nott affected by prenatal undernutrition. 10 The essentially different 

circumstancess during the famines however do not allow a direct comparison 

betweenn our findings and the Leningrad study. Firsdy, the Dutch famine did 

nott only have a shorter duration but also it was preceded and followed by 

adequatee nutrition, whereas people in Leningrad were also undernourished 

beforee the siege. Secondly, the rations for infants under 1 year of age were 

foundd to be adequate throughout the famine u , which indicates that babies 

bornn before or during the famine were not exposed in their first year of life. 

Finally,, the Dutch people grew up in a period of increasing affluence whereas 

thee Russian standard of living remained relatively poor. 20 

Ourr finding that people exposed to famine in early gestation had a more 

atherogenicc lipid profile seems to be in agreement with results from animal 

experiments.. Observations in animals show that maternal undernutrition just 

beforee and throughout pregnancy permanently alters cholesterol metabolism, 
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althoughh the plasma total cholesterol concentrations were found to be 

increasedd in guinea pigs 8 and decreased in rats. 9 This suggests that the effects 

off  maternal diet during gestation are complex and may be different from one 

speciess to another. 21 It was also found in rats that the composition of the 

maternall  diet during pregnancy influences the activity of hepatic enzymes 

cruciallyy involved in cholesterol metabolism in the offspring. 6»22 These results 

inn animals suggest that the transition from nutritional deprivation in early 

gestationn to nutritional adequacy later on has led to metabolic conflicts 

resultingg in an altered cholesterol metabolism in people conceived during the 

Dutchh famine. 

Ourr study shows for the first time in humans that maternal nutrition 

duringg early gestation can permanently influence the lipid profile in later life. 

Exposuree to famine in early gestation did not affect body size at birth but led 

too a higher LDL/HD L cholesterol ratio in adult life. It confirms findings from 

otherr studies in humans that maternal nutritional intake during pregnancy can 

havee permanent effects on health in later life without affecting size at birth.11-23 

Itt is therefore difficult to predict the long-term effects of maternal starvation 

duringg gestation based on its effects on size at birth. Experiments in sheep 

havee furthermore shown that different patterns of fetal growth can result in 

thee same size at birth.24 This might explain that several studies in humans have 

reportedd that small size at birth is linked with a more atherogenic lipid profile 

inn adult life 1_4, whereas we found that a high ponderal index at birth was 

associatedd with increased plasma total cholesterol concentrations in adult life. 

Ourr findings may have important implications for public health. The 

nutritionall  experience of babies who were exposed to famine in early gestation 

mayy resemble that of babies in developing countries whose mothers are 

undernourishedd in early pregnancy and receive supplementation in the second 

halff  of pregnancy, but also of babies in developed countries whose mothers 

sufferr from hyperemesis gravidarum or keep a strict diet just before 

conceptionn or in early pregnancy. Our findings suggest furthermore that the 

long-termm impact that these imbalances in women's nutritional intake during 

pregnancyy have on the health of their children may be underestimated by the 

knownn associations between small size at birth and adult disease. 

Wee have previously shown in the same group of people that those 

exposedd to famine in late or mid gestation have a reduced glucose tolerance n, 

andd that women exposed to famine in early gestation are more obese. 12 We 
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noww found that cholesterol metabolism was most affected in those exposed to 

faminee in early gestation, and that this link appeared to be largely independent 

fromm the effect of famine on obesity. This suggests that there are distinct 

sensitivee periods during gestation for the programming of glucose and 

cholesteroll  metabolism. Animal experiments and prospective studies of 

motherss and their offspring are needed to unravel the mechanisms involved in 

nutritionall  programming. 
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Summary y 

Objective:Objective: To assess the effect of maternal malnutrition during different stages 

off  gestation on plasma concentrations of fibrinogen and factor VII . 

Methods:Methods: We measured plasma concentrations of fibrinogen and factor VI I 

amongg 725 people, aged 50, born around the time of the Dutch famine 

1944-1945. . 

Results:Results: After adjustment for sex, plasma fibrinogen concentrations differed by 

—0.011 g/1 (95% confidence interval —0.14 to 0.11) in those exposed in late 

gestation,, by -0.03 g/1 (95% confidence interval -0.16 to 0.11) in those 

exposedd in mid gestation, and by 0.13 g/1 (95% confidence interval —0.03 to 

0.30)) in those exposed in early gestation, compared to non-exposed people 

(thosee born before and those conceived after the famine pooled together). 

Plasmaa factor VI I concentrations differed by 0.4% (95%) confidence interval 

—5.4%% to 6.6%) in those exposed to famine in late gestation, by 1.5% 

(95%% confidence interval —4.6% to 8.1%) in those exposed in mid gestation, 

andd by -11.8% (95% confidence interval -18.4% to -4.8%) in those exposed 

inn early gestation, compared to non-exposed people. Size at birth was not 

associatedd with plasma concentrations of fibrinogen or factor VII . 

Conclusion:Conclusion: Our finding that factor VI I concentrations were significantly lower 

inn people whose mothers had been exposed to famine in early pregnancy 

suggestss that liver function may be affected by undernutrition in early 

gestation. . 
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Introductio n n 

Theree is some evidence that people who were small at birth have increased 

plasmaa concentrations of clotting factors in adult life. ^ This association may 

havee contributed to the higher rates of cardiovascular disease in people whose 

fetall  growth was impaired. 3>4 A study of people born in Sheffield found that 

men,, but not women, who had been light at birth had increased 

concentrationss of fibrinogen at age 50. 2 This study also showed that 

fibrinogenn concentrations were higher in men born with a small abdominal 

circumference.. A study of 50-year-old men born in Preston found that those 

withh a large placenta in relation to their birth weight had increased 

concentrationss of fibrinogen in adult life. l On the other hand, a number of 

studiess failed to find an association between size at birth and plasma 

concentrationss of coagulation factors.57 

Bodyy proportions at birth, rather than birth weight itself, might give 

moree insight into the nature and timing of the adverse intra-uterine conditions 

thatt led to impairment of fetal growth. A reduced abdominal circumference 

hass been interpreted as an indication of reduced growth in response to fetal 

undernutritionn in late gestation.2 In order to protect the brain, the fetus 

sustainss the growth of the brain at the expense of growth of visceral organs. 

Thiss phenomenon is known as 'brain-sparing'. Because both fibrinogen and 

factorr VII are synthesised in the liver, the mechanisms that link reduced fetal 

growthh with increased concentrations of these factors have been suggested to 

involvee impairment of liver development in late gestation. 

Wee studied plasma fibrinogen and factor VI I concentrations in people 

whoo had been born around the time of the Dutch famine 1944 — 1945. The 

Dutchh famine was a 5 — 6 month period of severe food shortage at the end of 

thee World War II in the western part of the Netherlands. This acute period of 

severee famine provides a unique opportunity to study the long-term effects of 

maternall  starvation during specific stages of gestation on risk factors for 

cardiovascularr disease at adult age. 

Peoplee who were conceived during the Dutch famine - and therefore 

exposedd to famine in early gestation — had a more atherogenic plasma lipid 

profilee (high LDL and low HDL cholesterol concentrations) at age 50, and 

peoplee who were born during the famine - and therefore exposed in late 

gestationn - seemed to have lower total cholesterol concentrations. 8 These 
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findingss suggest that fetal undernutrition not only in late gestation but also in 

earlyy gestation may permanendy alter liver function. 

Methods s 

SelectionSelection procedures 

Alll  5425 singletons born alive in the Wilhelmina Gasthuis, a university hospital 

inn Amsterdam between 1 November 1943 and 28 February 1947 were 

candidatess to be included in the Dutch famine birth cohort. We excluded 

3499 babies who were stillborn or part of a multiple pregnancy. We retrieved 

thee medical records of all 1380 babies born between 1 November 1944 and 

288 February 1946, and of a random sample of 650 singletons out of the 

13055 babies born in the year before that period (between 1 November 1943 

andd 31 October 1944) and of a random sample of 650 out of the 2391 babies 

conceivedd in the year after that period (born between 1 March 1946 and 

288 February 1947). Of these 2680, 27 (1%) were excluded because their main 

medicall  records were missing, and 239 (8.9%) were excluded because the 

gestationall  age at birth was less than 259 days, either as computed from the 

datee of the last menstrual period, or as estimated by the obstetrician at the first 

prenatall  visit and at the physical examination of the baby just after birth. In all, 

24144 singletons born alive were included. The 'Bevolkingsregister' of 

Amsterdamm (population registry) traced 2155 (89%) of the 2414 included 

babies.. Of these, 266 had died, 199 had emigrated from the Netherlands, and 

1644 did not allow the population registry to give their address to us. We asked 

9122 who lived in or close to Amsterdam to participate, and plasma 

concentrationss of clotting factors were measured successfully in 725. Birth 

weightss according to prenatal exposure to famine in this group of 725 subjects 

(meann birth weight 3348 g) were not different from the other 1689 subjects 

(meann birth weight 3345 g). The study was approved of by the Medical Ethical 

Committeee of the Academic Medical Centre in Amsterdam, the formal 

successorr of the Wilhelmina Gasthuis, and all participants gave their informed 

consent. . 
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ExposureExposure to famine 

Wee defined the famine period according to the daily official food-rations for 

thee general population older than 21 years. In addition to the official rations, 

foodd came also from other sources (e.g. church organisations, central kitchens, 

andd the 'black market5), and about twice as much food was actually available to 

individualss during the peak of the famine. The official rations should therefore 

onlyy be taken as a relative measure of nutritional intake for the population as a 

whole. . 

Thee official rations were about 1800 calories per day in December 1943. 

Thiss figure gradually decreased to about 1400 calories in October 1944, and 

felll  below 1000 calories on 26 November 1944. The amount of protein, 

carbohydratee and fat decreased more or less proportionately. The rations 

variedd between 400 calories and 800 calories from December 1944 to April 

1945,, and rose above 1000 calories after 12 May 1945, one week after 

liberationn by the Allied forces. In June 1945, rations were over 2000 calories. 

Childrenn younger than 1 year were relatively protected during the famine, 

becausee official daily rations for this group were always higher than 

10000 calories. 9 

AA person was considered to be prenatally exposed if the average daily 

rationn for people older than 21 years during any thirteen-week period of 

gestationn contained less than 1000 calories. Therefore, people born between 

77 January 1945 and 8 December 1945 were exposed prenatally. We defined 

periodss of 16 weeks each to differentiate between those who were exposed in 

latee gestation (born between 7 January 1945 and 28 April 1945), in mid 

gestationn (born between 29 April 1945 and 18 August 1945), and in early 

gestationn (born between 19 August 1945 and 8 December 1945). 

StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  pregnancy and the size of the baby and the placenta at birth. Maternal 

weightt gain in the third trimester was calculated from the difference in weight 

att the beginning and end of the third trimester divided by the duration of the 

timetime interval between the 2 measurements and multiplied by the duration of 

thee trimester (13 weeks). We calculated head circumference as It x (biparietal 
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diameterr + fronto occipital diameter) /2. The ponderal index was calculated as 

birthh weight divided by the cube of length. Placental weight was not recorded. 

Placentall  diameter refers to the largest placental width. The socio-economic 

statuss at birth was dichotomised into manual and non-manual labour 

accordingaccording to the occupation of the head of the family. 10 All subjects were 

interviewedd about their medical history, lifestyle and use of medication. 

Informationn about smoking was used to distinguish between current smokers 

orr non-smokers. Current socio-economic status was coded using ISEI-92 

accordingg to the occupation of the participants or their partner; whichever was 

highest.. n Values ranged from 16 (low status) to 87. 

Wee measured height with a fixed stadiometer and weight with a Seca 

scale.. Blood was taken after an overnight fast, with minimum haemostasis and 

analysedd for fibrinogen and factor VII concentrations. Fibrinogen was 

measuredd by the Clauss method 12, factor VII concentrations were measured 

usingg a one-stage assay with bovine adsorbent deficient plasma and rabbit 

brainn thromboplastin.13 

StatisticalStatistical methods 

Wee compared plasma concentrations of fibrinogen and factor VI I in people 

exposedd to famine in late, mid or early gestation (exposed subjects) with those 

off  people born before or conceived after the famine (unexposed subjects). 

Factorr VI I concentrations and BMI had a skewed distribution, and were log 

transformedd before analysis. The results for these variables are given as 

geometricc means and standard deviations, and differences in these variables 

aree given as relative differences expressed in percentages. We used multiple 

linearr regression analysis to adjust for confounding variables. For a relatively 

largee number of participants, information on maternal weight at the end of 

pregnancy,, weight gain or socio-economic status at birth was missing. 

Therefore,, when adjusting for one of these variables we set the value of that 

variablee for people with missing data to the mean of the non-missing values, 

andd added a separate variable indicating missing data (value one for those with 

missingg data, value zero for those with data). P-values of less than 0.05 were 

consideredd to be statistically significant, and therefore we computed 

95%% confidence intervals for our results. 
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Results s 

2900 (40%) of the 725 people studied had been exposed to famine in utero 

(tablee 1). Men were underrepresented in die groups that were exposed to 

faminee during gestation. Weight at the last prenatal visit was lower in mothers 

exposedd to famine during late pregnancy (who gave birth during the famine) 

andd in mothers exposed during mid pregnancy (who conceived before the 

faminee and gave birth after the famine). Weight gain during the last trimester 

off  pregnancy was lower in mothers exposed to famine during late pregnancy, 

andd higher in those exposed in mid pregnancy and in those exposed in early 

pregnancyy (who conceived during the famine). Babies exposed to famine in 

midd or late gestation were lighter and shorter, and had smaller heads and 

placentass than those not exposed. People exposed to famine in early gestation 

weree more obese and had higher total cholesterol concentrations and higher 

LDL/HD LL cholesterol ratios indicating a more atherogenic plasma lipid 

profilee in adult life. People exposed in late and mid gestation seemed to have 

somewhatt lower total cholesterol concentrations. 

Plasmaa fibrinogen concentrations were not statistically significandy 

affectedd by exposure to famine during any stage of gestation (table 1). After 

adjustmentt for sex, plasma fibrinogen concentrations differed by —0.01 g/1 

(95%% confidence interval -0.14 to 0.11) in those exposed in late gestation, by 

—0.033 g/1 (95% confidence interval —0.16 to 0.11) in those exposed in mid 

gestationn and by 0.13 g/1 (95% confidence interval —0.03 to 0.30) in those 

exposedd in early gestation compared to the unexposed (those born before and 

thosee conceived after the famine pooled together). Factor VI I concentrations 

weree significandy reduced after exposure to famine in early gestation, but they 

weree not affected after exposure in late or mid gestation (table 1). After 

adjustmentt for sex, plasma factor VI I concentrations differed by —11.8% 

(95%% confidence interval —18.4% to —4.8%) in those exposed in early 

gestationn whereas it only differed by 0.4% (95% confidence interval -5.4% to 

6.6%)) in those exposed to famine in late gestation, and by 1.5% 

(95%% confidence interval —4.6% to 8.1%) in those exposed in mid gestation 

comparedd to the unexposed. The effect of prenatal exposure to famine on die 

plasmaa concentrations of the coagulation factors were not different between 

menn and women (p for interaction always > 0.3). 
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Peoplee exposed to famine in early gestation had a more atherogenic lipid 

profile,, were more obese, had an increased prevalence of coronary heart 

diseasee and were more often smokers, and fibrinogen and factor VI I 

concentrationss were also associated with these measures. However, 

adjustmentss for these variables did not alter appreciably the effects that 

exposuree to famine in early gestation had on both clotting factors (adjusted 

effectt of exposure in early gestation 0.05 g/1 (95% confidence interval —0.11 to 

0.21)) on fibrinogen, and -11.1% (95% confidence interval -17.8% to -4.0%) 

onn factor VII) . 

Tablee 2. Birth outcomes and clotting factors. 
Meanss and p-value for linear trend adjusted for sex and BMI. 

Birthh weight 

(g) ) 
<2750 0 
2750-3250 0 
3251-3750 0 
>3750 0 
pp for trend 

Headd circumference 
(cm) ) 

<32 2 
32-33 3 
33-34 4 
>34 4 
pp for trend 

Ponderall  index 
(kg/m3) ) 

<25 5 
25-26 6 
26-27 7 
>27 7 
pp for trend 

Placentall  diameter/birth weight 
(cm/kg) ) 

<5.5 5 
5.5-6.0 0 
6.0-6.5 5 
>6.5 5 
pp for trend 

fibrinogen fibrinogen 

(g/1) ) 
3.14 4 
3.13 3 
3.02 2 
3.05 5 
0.67 7 

fibrinogen fibrinogen 

(g/1) ) 
3.18 8 
3.01 1 
3.01 1 
3.09 9 
0.53 3 

fibrinogen fibrinogen 

(g/1) ) 
3.10 0 
3.06 6 
3.00 0 
3.09 9 
0.96 6 

fibrinogen fibrinogen 

(g/1) ) 
3.12 2 
3.03 3 
3.06 6 
3.17 7 
0.22 2 

factorr VI I * 
(%% of standard) 

133 3 
133 3 
128 8 
125 5 
0.14 4 

factorr VI I * 
(%% of standard) 

132 2 
129 9 
129 9 
126 6 
0.26 6 

factorr VI I * 
(%% of standard) 

131 1 
129 9 
129 9 
128 8 
0.81 1 

factorr VI I * 
(%% of standard) 

125 5 
134 4 
127 7 
131 1 
0.18 8 

n n 

66 6 
238 8 
272 2 
149 9 

n n 

193 3 
238 8 
148 8 
138 8 

n n 

208 8 
126 6 
131 1 
253 3 

n n 

147 7 
155 5 
137 7 
137 7 

geometricc means 
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Absolutee body and placental size at birth were not significandy 

associatedd with fibrinogen or factor VI I concentrations in adult life (table 2). 

However,, people with the largest placenta in relation to their birth weight had 

thee highest fibrinogen concentrations (3.17 g/1 among those in the highest 

fourthh of placental to birth weight ratio compared to 3.07 g/1 among the 

others,, p = 0.03). Maternal characteristics were associated neither with 

fibrinogenn nor with factor VI I concentrations. 

Discussion n 

Peoplee exposed to famine in early gestation had slighdy but significandy lower 

factorr VI I concentrations and slighdy but non-significantiy higher fibrinogen 

concentrationss than people who were not exposed to famine during gestation. 

Wee did not find any associations between size of the baby at birth and either 

clottingg factor, although people with a large placenta in relation to their birth 

weightt had the highest fibrinogen concentrations. 

Duringg the famine, the number of conceptions was about 50% lower 

thann the pre-famine level. 10 It may be that only women with a more robust 

physiquephysique or a more unconcerned attitude towards reproduction conceived 

duringg the famine, which could have introduced systematic differences 

betweenn women who conceived during the famine and the others. Maternal 

characteristics,, such as age, parity, socio-economic status and weight at the end 

off  pregnancy, which may be proxies for physical or behavioural determinants 

off  fertility, were not associated with concentrations of both clotting factors. It 

iss therefore unlikely that the effect of exposure to famine during early 

gestationn on factor VI I concentrations can be fully explained by selective 

fertility.. Another potential bias may have originated from famine-related 

differencess in mortality, as people who died may have had different factor VI I 

concentrationss than people who survived. However, selective mortality can 

nott explain our observation of reduced factor VII concentrations because 

earlyy mortality was highest in those born before or during the famine 10-14, 

whereass we found strongest effects on factor VII concentrations among 

peoplee conceived during the famine (exposed in early gestation). 

Itt was shown that men, but not women, who had low body weight at 

onee year of age had increased concentrations of fibrinogen in adult life. ^5 This 

suggestss that postnatal growth is linked to concentrations of clotting factors in 
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adultt life, which could be used as an argument against our approach of 

consideringg people born before the famine, who were infants during the 

famine,, as non-exposed people. During the famine, however, infants were 

regardedd as a group that should be protected. Lactating women were given 

extraa rations and the supply to children under one year was always kept above 

thee nutritional standards that prevailed at that time. 9 Furthermore, the 

absencee of a difference in fibrinogen and factor VII concentrations between 

peoplee born before and people conceived after the famine is an extra 

justificationn for considering both these groups as non-exposed. 

Ourr failure to find associations between birth weight and concentrations 

off  clotting factors in adult life is consistent with most previous studies. 1>5"7 

Thiss does not contradict, however, the suggestion, based on the association of 

reducedd abdominal circumference at birth and raised fibrinogen 

concentrationss in adult life, observed in men but not in women, that impaired 

liverr growth may permanently increase fibrinogen concentrations 2, as birth 

weightt is only a crude measure of developmental impairments of fetal organs 

andd tissues. 15>16 

Itt was suggested that the association between small abdominal 

circumferencee and high fibrinogen concentrations originates through 

adaptationss made by the fetus in response to undernutrition in late gestation. 

Ourr finding of reduced factor VI I concentrations in people exposed to famine 

inn early gestation suggest that liver function might also be affected by 

undernutritionn in early gestation. The susceptibility of liver development to an 

adversee nutritional environment in early gestation is furthermore supported by 

ourr observation of a more atherogenic lipid profile in these people. 8 

Wee found that men and women with a large placenta in relation to their 

birthh weight had increased fibrinogen concentrations, which is in agreement 

withh findings in a cohort of men born in Preston. 1 A large placenta may be 

interpretedd as an adaptive response to adverse intra-uterine conditions, but 

animall  studies show that it is difficult to link this phenomenon to a specific 

stagee of gestation. 1719 People exposed to famine in late gestation had an 

increasedd placenta to birth weight ratio, but this increase was small compared 

too the normally occurring variations in body and placental size at birth. The 

expectedd increase in fibrinogen concentrations based on the famine-related 

changess in relative placental size are therefore very small (an increase in plasma 

fibrinogenn concentrations of 0.01 g/1 in those exposed in late gestation). 
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Thee reduced factor VII concentrations in people whose mothers were 

exposedd to famine in early pregnancy may be the result of reduced synthesis or 

increasedd degradation. There is evidence from animal experiments that 

undernutritionn during gestation reduces liver size 16 and permanendy alters 

liverr function, 20 In the liver, many aspects of metabolic function — including 

synthesiss of fibrinogen, factor VI I and cholesterol - are expressed in specific 

morphologicall  zones of the liver. It is thought that undernutrition during 

gestationn alters the relative numbers of hepatocytes in the perivenous and 

periportall  zones, which may explain our observation that exposure to the 

Dutchh famine in early gestation is linked to increased total cholesterol and 

somewhatt increased fibrinogen concentrations but decreased factor VII 

concentrations. . 

Exposuree in early gestation seems to have opposing effects on the risk of 

coronaryy heart disease in adult life. A more atherogenic lipid profile and 

abdominall  obesity indicate an increased risk, and decreased factor VII 

concentrationss a reduced risk.3'21 Recent studies, however, have failed to 

confirmm the positive association between factor VII and coronary heart 

disease,, that was first observed twenty years ago. 22 Whatever the effects are 

thatt undernutrition during early gestation has on cardiovascular risk, our 

resultss suggest that it may permanendy alter aspects of liver function. 

88 8 



References s 

1.. Barker DJP, Meade TW, Fall CHD, Lee A, Osmond C, Phipps K, Stirling 

Y.. Relation of fetal and infant growth to plasma fibrinogen and factor VI I 

concentrationss in adult life. British Medical Journal 1992: 304: 148-152. 

2.. Martyn CN, Meade TW, Stirling Y, Barker DJP. Plasma concentrations of 

fibrinogenn and factor VI I in adult life and their relation to intra-uterine 

growth.. British Journal of Haematology 1995: 89: 142-46. 

3.. Meade TW, North WRS, Chakrabarti RR, Stirling Y, Haines AP, 

Thompsonn SG, Brozovic M. Haemostatic function and cardiovascular 

death:: early results of a prospective study. Lancet 1980: i: 1050-1054. 

4.. Barker DJP. Mothers, babies and health in later life. 1998 Churchill 

Livingstone. . 

5.. Fall CHD, Osmond C, Barker DJP, Clark PMS, Hales CN, Stirling Y, 

Meadee TW. Fetal and infant growth and cardiovascular risk factors in 

women.. British Medical Journal 1995: 310: 428-432. 

6.. Leger J, Levy-Marchal C, Bloch J, Pinet A, Porquet D, Collin D, 

Czernichoww P. Reduced final height and indications for insulin resistance 

inn 20-year-olds born small for gestational age: regional cohort study. 

Britishh Medical Journal 1997: 315: 341-347. 

7.. Cook DG, Whincup PH, Miller G, Carey IM, Adshead FJ, Papacosta O, 

Walkerr M, Howarth D. Fibrinogen and factor VI I levels are related to 

adiposityy but not to fetal growth or social class in children aged 10-11 

years.. American Journal of Epidemiology 1999: 150: 727-736. 

8.. Roseboom TJ, van der Meulen JHP, Osmond C, Barker DJP, Ravelli ACJ, 

Blekerr OP. Plasma lipid profile after prenatal exposure to the Dutch 

famine.. American Journal of Clinical Nutrition (accepted for publication) 

9.. Burger GCE, Drummond JC, Sandstead HR (Eds). Malnutrition and 

Starvationn in Western Netherlands. 1948 's Gravenhage: Staatsuitgeverij. 

10.. Stein Z, Susser M, Saenger G, Morolla F. Famine and Human 

Development.. The Dutch Hunger Winter of 1944 - 45. 1975 New York: 

Oxfordd University Press. 

11.. Bakker B, Sieben I. Maten voor prestige, sociaal-economische status en 

socialee klasse voor de standaard beroepenclassificatie 1992 (Measures of 

prestige,, socio-economic status and social class for the standard 

occupationn classification.). Sociale Wetenschappen 1997: 40: 1-22 (in 

Dutch). . 

89 9 



12.. Gauss A. Gerinnungsphysiologische Schnellmethode zur Bestdmmung des 

Fibrinogens.. Acta Haematologia 1957: 17: 237-246. 

13.. Brozovic M., Stirling Y, Harricks C, Nothr WRS, Meade TW. Factor VI I 

inn an industrial population. British Journal of Haematology 1974: 28: 381-

391. . 

14.. Roseboom TJ, Van der Meulen JHP, Osmond C, Barker DJP, Ravelli ACJ, 

Blekerr OP. Adult survival after prenatal exposure to famine, (submitted) 

14.. Harding JE, Johnston BM. Nutrition and fetal growth. Reproduction 

Fertilityy and Development 1995: 7: 539-547. 

15.. Desai M, Crowther NJ, Lucas A, Hales CN. Organ-selective growth in the 

offspringg of protein-restricted mothers. British Journal of Nutrition 1996: 

76:: 591-603. 

16.. McCrabb GJ, Egan AR, Hosking BJ. Maternal undernutrition during mid 

pregnancyy in sheep; variable effects on placental growth. Journal of 

Agriculturall  Science 1992: 118: 127-132. 

17.. Robinson JS, Owens JA, DeBarro T, Lok K, Chidzanja S. Maternal 

nutritionn and fetal growth. In: Ward RHT, Smith SK, Donnai D eds. Early 

growthh and development. London: RCOG Press 1994: 317-334. 

18.. Harding J. Periconceptual nutrition determines the fetal growth response 

too acute maternal undernutrition in fetal sheep of late gestation. Prenatal 

andd Neonatal Medicine 1997: 2: 310-319. 

19.. Hales CN, Desai M, Ozanne SE, Crowther NJ. Fishing in the stream of 

diabetes:: from measuring insulin to the control of fetal organogenesis. 

Biochemistryy Society Transactions 1996: 24: 341-350. 

20.. Shaper AG, Pocock SJ, Walker M, Cohen NM, Wale CJ, Thomson AG. 

Britishh Regional Heart Study: Cardiovascular risk factors in middle-aged 

menn in 24 towns. British Medical Journal 1981: 283: 179-186. 

21.. Tracy RP, Arnold AM, Ettinger W, Fried L, Meilahn E, Savage P. The 

relationshipp of fibrinogen and factors VII and VII I to incident 

cardiovascularr disease and death in the elderly. Arteriosclerosis, 

Thrombosis,, and Vascular Biology 1999: 19: 1776-1783. 

90 0 







6 6 

Coronaryy heart disease in adults 
afterr  prenatal exposure to famine 

Tessaa J. Roseboom, Jan H.P. van der Meulen, Clive Osmond, 

Davidd J.P. Barker, Anita C.J. Ravelli, Jutta M. Schroeder-Tanka, 

Gertt A. van Montfrans, Robert PJ. Michels, Otto P. Bleker 

CoronaryCoronary heart disease may be viewed as the price paid for successful adaptations 
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Summary Summary 

Objective:Objective: To assess the effect that prenatal exposure to maternal malnutrition 

hass on coronary heart disease in people born around the time of the Dutch 

faminee 1944-1945. 

Methods:Methods: We studied the prevalence of coronary heart disease (defined as the 

presencee of angina pectoris according to the Rose questionnaire, Q waves on 

thee ECG, or a history of coronary revascularisation) among singletons born 

alivee between November 1943 and February 1947 for whom we had detailed 

birthh records. 

Results:Results: We compared the prevalence of coronary heart disease in those 

exposedd to famine in late gestation (n = 120), in mid gestation (n = 108), or in 

earlyy gestation (n = 68) with those born in the year before the famine or those 

conceivedd in the year after the famine (non-exposed subjects, n=440). The 

prevalenceprevalence of coronary heart disease was higher in those exposed in early 

gestationn than in non-exposed people (8.8% versus 3.2%, odds ratio adjusted 

forr sex 3.0, 95% confidence interval 1.1 to 8.1). The prevalence was not 

increasedd in those exposed in mid gestation (0.9%) or late gestation (2.5%). 

Peoplee with coronary heart disease tended to have lower weights (3215 versus 

33522 g, p = 0.13), and smaller head circumferences (32.2 versus 32.8 cm, 

pp = 0.05) at birth, but the effect of exposure to famine in early gestation was 

independentt of birth weight (adjusted odds ratio 3.2, 95% confidence interval 

1.22 to 8.8). 

Conclusion:Conclusion: Although the numbers are very small, this is the first evidence 

suggestingg that maternal malnutrition during early gestation contributes to the 

occurrencee of coronary heart disease in the offspring. 
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Introductio n n 

Smalll  size at birth is linked with an increased risk of coronary heart disease and 

itss major biological risk factors. 1 This has led to the hypothesis that coronary 

heartt disease originates in utero through the persistence of adaptations made by 

thee fetus in response to undernutrition during specific stages of gestation. 1 

Thee Dutch famine 1944 - 1945 offers a unique opportunity to test this 

hypothesiss in humans. Food became scarce in the west of the Netherlands 

afterr the northward movement of the Allied forces came to a halt in 

Septemberr 1944, when attempts to take hold of the bridge across the river 

Rhinee at Arnhem failed (operation 'Market Garden*). The official daily rations 

forr an adult in Amsterdam - which had gradually decreased from about 

18000 calories in December 1943, to 1400 calories in October 1944 - fell 

abrupdyy to below 1000 calories in late November 1944. During the peak of 

thee famine from December 1944 to April 1945, the rations varied between 

4000 and 800 calories. After the liberation in early May, the rations improved 

rapidlyy to over 2000 calories in June 1945. 

Wee examined 50-year-old people who were born around the time of the 

Dutchh famine in a university hospital in Amsterdam. We have already shown 

thatt exposure to famine, especially in late gestation, was linked to impaired 

glucosee tolerance 2, while exposure in early gestation was linked to more 

atherogenicc lipid profiles 3 and, at least in women, to higher levels of obesity. 4 

Inn the same cohort, however, we did not find an effect of prenatal exposure to 

faminee on overall or cardiovascular mortality between age 18 and 50. 5 We 

noww present the effects of prenatal exposure to famine on the prevalence of 

coronaryy heart disease in adult life. 

Methods s 

Thee selection procedures of this study have been described in detail 

elsewhere.22 We retrieved the medical records of 2414 term babies born alive 

betweenn 1 November 1943 and 28 February 1947 in the Wilhelmina Gasthuis. 

Thee population registry of Amsterdam traced 2155 (89.2%) of them. Of these, 

2655 had died (21 cardiovascular deaths, ICD code 410-414), 199 had emigrated 

fromm the Netherlands, and 164 did not allow the population registry to give us 
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theirr address. Of the remaining 1527, we asked 912 to participate, starting with 

thosee who lived in or close to Amsterdam. 736 had a successful ECG 

recording.. Birth weights in this group of 736 subjects (mean 3348 g) were not 

differentt from the 1678 who were not included (mean 3345 g, p adjusted for 

exposuree = 0.3). 

Wee defined the famine period according to the daily official food rations 

forr the general population older than 21 years. The official rations rather 

accuratelyy reflected the variation over time in the total amount of food 

available.66 In addition to the official rations, food also came from other 

sourcess (e.g. church organisations, central kitchens and the 'black market'), and 

thee amount of food actually available to individuals was roughly twice as high 

ass the official rations. The rations should therefore only be taken as a relative 

measuree of nutritional intake for the population as a whole. We considered 

fetusess to have been exposed to famine if the average daily rations for adults 

duringg any thirteen-week period of gestation were less than 1000 calories. 

Therefore,, babies born between 7 January 1945 and 8 December 1945 were 

exposedd to famine in utero. We used three periods of 16 weeks to differentiate 

betweenn people who were exposed in late gestation (born between 7 January 

19455 and 28 April 1945), in mid gestation (29 April 1945 and 18 August 1945), 

andd in early gestation (19 August 1945 and 8 December 1945). Children 

youngerr than 1 year were relatively protected during the famine, because their 

officiall  daily rations never fell below 1000 calories, and the specific nutrient 

componentss were always above the standards used by the Oxford Nutritional 

Survey.. 7 

Thee medical birth records provided information about the mother, the 

coursee of pregnancy and the size of the baby at birth. We calculated the 

gestationall  age at birth from the date of the last menstrual period or by the 

obstetrician'ss estimation at the first prenatal visit and at the physical 

examinationn of the child at birth. The socio-economic status at birth was 

dichotomisedd into manual and non-manual labour according to the occupation 

off  the head of the family. 8 We took maternal weight at the last prenatal visit 

whichh was always within two weeks of delivery. Maternal height was not 

available. . 

Thee presence of coronary heart disease at age 50 was defined as the 

presencee of one or more of the following: angina pectoris according to the 

Rose/WHOO questionnaire; Q waves on the ECG (Minnesota codes 1-1 or 
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1-2);; or a history of coronary revascularisation (angioplasty or surgery). 9 We 

alsoo performed a standard oral glucose tolerance test, took fasting blood 

sampless to measure plasma concentrations of LDL and HDL cholesterol, 

measuredd weight and height, and measured blood pressures, twice before and 

twicee after the glucose tolerance test, in the non-dominant arm after 5 minutes 

restt while the participants were seated. 

Thee participants were interviewed to obtain information about their 

medicall  history, and lifestyle. Current socio-economic status was determined 

fromm the subject's or partner's occupation, whichever was highest, according 

too the socio-economic index (ISEI-92) with a scale ranging from 16 for the 

lowestt to 87 for the highest status. 10 

Wee used linear and logistic regression analysis to compare one by one 

thee characteristics of people with and without coronary heart disease, while 

alwayss adjusting for sex. We log transformed body mass index, 2-hour glucose 

concentrationss and the LDL/HD L cholesterol ratio before analysis, because 

off  the skewed distributions and results are therefore given as geometric means 

andd standard deviations. We calculated odds ratios (OR) using logistic 

regressionn to compare the prevalence of coronary heart disease in people 

exposedd in early, mid or late gestation with that in non-exposed people (born 

beforebefore or conceived after). We considered differences to be statistically 

significantt if p values were smaller than 0.05, and therefore also report 

95%% confidence intervals. 

Results s 

Off  the 736 people included in the study, 24 (3.3%, 13 men and 11 women) 

hadd coronary heart disease. Five had symptoms of angina pectoris, 8 had Q 

wavess on the ECG, and 11 had a history of coronary revascularisation. People 

withh coronary heart disease tended to have lower birth weights and smaller 

headd circumferences, and were born to lighter mothers than those without 

(tablee 1). Socio-economic status at birth or adult age did not differ between 

peoplee with or without coronary heart disease, nor did smoking or drinking 

habitss in adult life. People with coronary heart disease also had raised adult 

bodyy mass index, raised systolic blood pressure, reduced glucose tolerance, 

andd a more atherogenic lipid profile (high LDL/HD L cholesterol ratio). 
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Tablee 1. Maternal, birth and adult characteristics for people with and without 

coronaryy heart disease. Means and standard deviations (SD), except where 

givenn as percentages, and p-value of difference adjusted for sex calculated with 

linearr or logistic regression. 

General General 
number r 
proportionn of men (%) 

MaternalMaternal characteristics 
weightt at end of pregnancy (kg) 
manuall  (%) 

BirthBirth characteristics 

birthh weight (g) 
birthh length (cm) 
headd circumference (cm) 
ponderall  index (kg/m3) 
gestationall  age (days) 

AdultAdult characteristics 
bodyy mass index * (kg/m2) 
systolicc blood pressure (mmHg) 
glucosee 120 min * (mmol/1) 
LDL/HD LL cholesterol * 
SESS (ISET) 
smokingg (%) 
alcoholl  (units per week) 

CHD D 

24 4 
54 4 

62.11 (6.4) 
70 0 

32155 (478) 
50.22 (2.1) 
32.2(1.5) ) 
25.66 (2.9) 
2844 (12) 

29.77 (1.2) 
130.55 (15.5) 

6.8(1.5) ) 
3.6(1.5) ) 
477 (15) 

36 6 
8(9) ) 

Noo CHD 

712 2 
48 8 

66.33 (8.7) 
72 2 

33522 (470) 
50.33 (2.1) 
32.88 (1.7) 
26.22 (2.3) 
2855 (12) 

26.99 (1.2) 
125.3(15.7) ) 

5.99 (1.4) 
2.99 (1.5) 
488 (14) 

34 4 
9(12) ) 

p-value e 
(adjusted d 
forr sex) 

0.02 2 
0.70 0 

0.13 3 
0.62 2 
0.05 5 
0.19 9 
0.63 3 

<0.01 1 
0.12 2 
0.04 4 
0.01 1 
0.80 0 
0.81 1 
0.33 3 

**  geometric means and standard deviations 

Thee prevalence of coronary heart disease was significandy higher in those 

exposedd in early gestation than in people who were not exposed prenatally 

(8.8%% versus 3.2%, OR 3.0, 95% confidence interval 1.1 to 8.1; table 2). The 

prevalencee of coronary heart disease was not increased in those exposed in 

midd gestation (0.9%, OR 0.3, 95% confidence interval 0.0 to 2.2) or late 

gestationn (2.5%, OR 0.8, 95% confidence interval 0.2 to 2.8). 

Thee effect of exposure to famine in early gestation was independent of 

gestationall  age (adjusted OR 2.9, 95% confidence interval 1.0 to 8.9), weight 

off  the baby at birth (adjusted OR 3.2, 95% confidence interval 1.2 to 8.8) and 

weightt of the mother (adjusted OR 2.4, 95% confidence interval 0.8 to 6.9). It 

wass also independent of socio-economic status at birth (adjusted OR 3.6, 

95%% confidence interval 1.3 to 10.1) and at adult age (adjusted OR 3.0, 
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95%% confidence interval 1.1 to 8.0), current smoking (adjusted OR 3.0, 

95%% confidence interval 1.1 to 8.2), and alcohol consumption (adjusted OR 

3.0,, 95% confidence interval 1.1 to 8.1). Adjustment for adult risk factors 

(bodyy mass index (adjusted OR 2.5, 95% confidence interval 0.9 to 7.1), blood 

pressuree (adjusted OR 3.2, 95% confidence interval 1.2 to 8.6), 2-hour plasma 

glucosee concentration (adjusted OR 2.5, 95% confidence interval 0.8 to 7.2), 

andd fasting plasma LDL/HD L cholesterol ratio (adjusted OR 2.6, 

95%% confidence interval 1.0 to 7.2) attenuated the effect of exposure to famine 

inn early gestation to some extent. 

Discussion n 

Wee found that people exposed to famine in early gestation — those who were 

conceivedd during the famine - had a higher prevalence of coronary heart 

diseasee than people who had not been exposed to famine in utero. Although 

thee numbers are small, this is the first direct evidence suggesting that maternal 

starvationn during gestation is linked to coronary heart disease in the offspring. 

Peoplee with coronary heart disease were born to lighter mothers, and tended 

too have lower body weights and head circumferences at birth, but the effect of 

maternall  starvation in early gestation was independent of maternal weight and 

sizee of the baby at birth. 

AA study among people who were born at the time of the Leningrad siege 

19411 — 1944 did not find any effects of prenatal exposure to maternal 

malnutritionn on the prevalence of coronary heart disease. u However, the 

essentiallyy different circumstances before, during and after the famine period 

inn Leningrad and in the western part of the Netherlands hamper a direct 

comparisonn between those results and ours. The famine period in Leningrad 

lastedd much longer than the Dutch famine did (more than two years versus 

55 — 6 months). Furthermore, it was preceded and followed by periods of 

relativee shortage of food. Also, the standard of living in Russia remained rather 

poorr after the Second World War, whereas it rapidly improved in the 

Netherlands.12 2 

Althoughh not statistically significant, people with coronary heart disease 

hadd been smaller at birth than people without coronary heart disease, which is 

inn agreement with results from many other studies. 1>8>12 The link between 
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smalll  size at birth and increased rates of coronary heart disease in later life is 

thoughtt to reflect the long-term consequences of undernutrition during 

gestation.x x 

Previously,, we have also found that people exposed to famine in late 

gestationn had a reduced glucose tolerance at age 50 2, whereas exposure to 

faminee in early gestation was linked to higher levels of obesity in women 4 and 

moree atherogenic lipid profiles in both men and women. 3 Blood pressure was 

nott affected by exposure to famine although it was strongly negatively 

associatedd with size at birth. u These distinct relations between prenatal 

exposuree to famine and fetal growth on the one hand and coronary heart 

diseasee and its risk factors on the other, suggest that an adverse fetal 

environmentt contributes to several aspects of cardiovascular risk in adult life, 

butt that the effects depend on its timing during gestation. 

Becausee the famine ended abruptly the women who conceived during 

thee famine (and were thus exposed in early pregnancy) were well nourished in 

laterr pregnancy, which is reflected in the above average birth weight of their 

babies.. It is in these babies that we found a higher prevalence of coronary 

heartt disease in adult life. This may suggest that the transition from nutritional 

deprivationn in early gestation to nutritional adequacy later on has led to 

metabolicc conflicts which in turn resulted in an increased risk of coronary 

heartt disease. This explanation is broadly consistent with observations in 

Finlandd that have shown that coronary heart disease was related to reduced 

fetall  growth followed by accelerated postnatal weight gain. 13 Furthermore, it 

matchess results from rat experiments which showed that the combination of 

prenatall  undernutrition with retarded fetal growth and good postnatal 

nutritionn led to striking reductions in life span. 15 

Duringg the embryonic period (the first 8 weeks after conception in 

humans)) there is no transfer of nutrients from the mother to the fetus through 

thee placenta. 16 Yet, our findings suggest that maternal malnutrition during this 

periodd may have permanent effects on the fetus. Studies in rats have also 

shownn that maternal malnutrition during the first 4 days after conception 

increasedd body weight at birth as well as the relative weights of the heart, 

kidneyss and lungs. 17 Not the shortage of food itself but endocrine changes in 

responsee to alterations in nutrient availability seem to be responsible for the 

programmingg effects of maternal malnutrition during early gestation. It has 

alsoo been suggested that programming of the HPA-axis due to maternal stress 
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mightt explain the link between an adverse environment in utero and disease in 

laterr life. 18 This is however not a very likely explanation as we only observed 

ann increase in the prevalence of coronary heart disease in the offspring of 

womenn exposed to famine in early gestation. One would expect at least the 

samee or higher levels of stress in pregnant women exposed to famine in late or 

midd gestation, and the prevalence of coronary heart disease in the offspring of 

thesee women was not increased. 

Peoplee born around the time of the Dutch famine in 1944 — 1945 are 

relativelyy young, which might explain why we have not been able to 

demonstratee any effect of prenatal exposure to famine on cardiovascular 

mortality.. 5 We will follow these people to examine whether the observed 

trendd towards increased prevalence of coronary heart disease among people 

whosee mothers conceived during the famine will continue and result in 

prematuree mortality. 

Althoughh our findings are based on small numbers — if confirmed in 

futuree studies - they may have important public health implications. First, a 

suddenn improvement of the nutritional intake of women during pregnancy -

forr example as a result of nutritional supplementation in the second half of 

pregnancyy — may have far reaching consequences for the health of their 

children.. Second, the known associations between the si2e of the babies at 

birthh and adult disease underestimate the long-term impact of nutrition of 

womenn before and during pregnancy on the rate of coronary heart disease in 

thee offspring. We are only beginning to understand the effects of maternal 

malnutritionn on fetal development and adult health. Further research is needed 

beforebefore we are able to formulate dietary recommendations to women both 

beforebefore and during pregnancy in order to prevent coronary heart disease in 

futuree generations. 

102 2 



References s 

1.. Barker DJP, ed. Mothers, babies and health in later life. 2nd ed. Edinburgh: 

Churchilll  Livingstone, 1998. 

2.. Ravelli ACJ, van der Meulen JHP, Michels RPJ, Osmond C, Barker DJP, 

Haless CN, Bleker OP. Glucose tolerance in adults after in utero exposure 

too the Dutch Famine. Lancet 1998: 351:173-7. 

3.. Roseboom TJ, van der Meulen JHP, Osmond C, Barker DJP, Bleker OP. 

Lipidd profile after prenatal exposure to the Dutch famine 1944 - 1945. 

Americann Journal of Clinical Nutrition 2000 (accepted for publication). 

4.. Ravelli ACJ, van der Meulen JHP, Osmond C, Barker DJP, Bleker OP. 

Obesityy at the age of 50 y in men and women exposed to famine 

prenatally.. American Journal of Clinical Nutrition 1999: 70: 811-6. 

5.. Roseboom TJ, Van der Meulen JHP, Osmond C, Barker DJP, Ravelli ACJ, 

Blekerr OP. Adult survival after prenatal exposure to famine (submitted). 

6.. Trienekens GMT. Tussen ons volk en de honger. De voedsel voorziening, 

1940-1945.. Utrecht, Stichting Matrijs, 1985. 

7.. Burger GCE, Drummond JC, Sandstead HR (editors). Malnutrition and 

starvationn in western Netherlands: September 1944 - July 1945. The 

Hague:: General State Printing Office; 1948. 

8.. Stein ZA, Susser MW, Saenger G, Marolla F. Famine and human 

development:: the Dutch Hunger Winter of 1944 - 1945. New York: 

Oxfordd University Press, 1975. 

9.. Fall CHD, Vijayakumar M, Barker DJP, Osmond C, Duggleby S. Weight 

inn infancy and prevalence of coronary heart disease in adult life. British 

Medicall  Journal 1995: 310: 17-9. 

10.. Bakker B, Sieben I. Maten voor prestige, sociaal-economische status en 

socialee klasse voor de standaard beroepenclassificatie 1992. Sociale 

Wetenschappenn 1997: 40:1-22. 

11.. Stanner SA, Bulmer K, Andrès C, Lantseva, O. E, Borodina V, Poteen 

W ,, Yudkin JS. Does malnutrition in utero determine diabetes and 

coronaryy heart disease in adulthood? Results from the Leningrad siege 

study,, a cross sectional study. British Medical Journal 1997: 315: 1342-

1349. . 

12.. Leon DA, Chenet L, Shkolnikow VM, Zakharov S, Shapiro J, 

Rakhamanovaa G, Vassin S, McKee M. Huge variation in Russian mortality 

ratess 1984-1994: artefact, alcohol, or what? Lancet 1997: 350: 383-388. 

103 3 



13.. Eriksson JG, Forsen T, Tuomilehto J, Winter PD, Osmond C, Barker 

DJP.. Catch-up growth in childhood and death from coronary heart 

disease:: longitudinal study. British Medical Journal 1999: 318: 427-31. 

14.. Roseboom TJ, van der Meulen JHP, Ravelli ACJ, van Montfrans GA, 

Osmondd C, Barker DJP, Bleker OP. Blood pressure in adults after 

prenatall  exposure to famine. Journal of Hypertension 1999: 17: 325-30. 

15.. Hales CN, Desai M, Ozanne SE, Crowther NJ. Fishing in the stream of 

diabetes:: from measuring insulin to the control of fetal organogenesis. 

Biochemicall  Society Transactions 1996: 24: 341-50. 

16.. Carlson BM, ed. Human embryology & developmental biology. 2nd ed. 

Mosby,, 1999. 

17.. Kwong WY, Roberts P, Wild AE, Langley-Evans SC, Fleming TP. Effect 

off  maternal diet on embryonic development and fetal programming 

(abstract).. Journal of Physiology 1998: 513P: 88P. 

18.. Seckl JR. Glucocorticoids, feto-placental 11 fl-hydroxysteroid 

dehydrogenasee type 2, and the early life origins of adult disease. Steroids 

1997:: 62: 89-94. 

104 4 







7 7 

Atopy,, lung function and obstructive airways disease 
inn adults after  prenatal exposure to famine 

Christaa E. Lopuhaa, Tessa J. Roseboom, Give Osmond, David J.P. Barker, 

Anitaa C.J. Ravelli, Otto P. Bleker, Jaring S. van der Zee, 

Jann H.P. van der Meulen 

FetalFetal undernutrition permanently affects the structure and physiology of organs during 

criticalcritical  periods of development that coincide with periods of rapid growth. 

Thoraxx 2000, 55: 555-561. 

reproducedd with permission from the BMJ Publishing Group 



Summary y 

Objective:Objective: We studied people born around the time of the Dutch famine 

19444 - 1945 to determine the effects of maternal malnutrition during specific 

periodss of gestation on the prevalence of obstructive airways disease and 

atopy. . 

Methods:Methods: We asked 912 people aged about 50, born at term between November 

19433 and February 1947 in Amsterdam, about their medical history. We 

measuredd lung function in 733, and serum concentrations of total IgE and 

specificc IgE against mite, pollen and cat in 726. We compared people exposed 

inn late, mid and early gestation (exposed participants) with those born before 

orr conceived after the famine (non-exposed participants). 

Results:Results: Exposure to famine during gestation affected neither the 

concentrationss of total or specific IgE, nor lung function values. The 

prevalencee of obstructive airways disease was increased in people exposed to 

faminee in mid gestation (odds ratio adjusted for sex 1.7, 95% confidence 

intervall  1.1 to 2.6) and tended to be higher in those exposed in early gestation 

(oddss ratio 1.5, 95% confidence interval 0.9 to 2.6). People born with a head 

circumferencee above 34 cm had higher total IgE concentration than the others 

(relativee difference adjusted for sex 40%, 95% confidence interval 5% to 

87%). . 

Conclusion:Conclusion: The observed increase in the prevalence of obstructive airways 

diseasee in people exposed to famine in mid and early gestation was not 

paralleledd by effects on IgE concentrations or lung function. The link between 

exposuree to famine in mid and early gestation and obstructive airways disease 

inn adulthood suggests that fetal lungs can be permanently affected by 

nutritionall  challenges during periods of rapid growth. 
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Introductio n n 

AA number of studies have shown associations between head size of new born 

babiess and atopy, and between birth weight and obstructive airways disease. 

Largerr head circumference at birth was shown to be linked to increased serum 

IgEE concentrations 13, as well as to the development of asthma in later life. 4 

Lowerr body weight at birth was shown to be associated with reduced forced 

expiratoryy volume and vital lung capacity 5"7, with an increased risk for 

asthmaa 8~13, as well as with increased death rates from chronic obstructive 

airwayss disease. 6 Only a few studies failed to find an association between birth 

weightt and lung function 14-15 or asthma. 16>17 

I tt is therefore likely that increased concentrations of IgE and obstructive 

airwayss disease have origins in utero. The fetal origins hypothesis proposes that 

thee fetus adapts its growth rate as a response to variations in the supply of 

nutrientss and oxygen, which may lead to permanent changes in the structure 

andd physiology of the fetal body. 18 Organs and tissues are particularly 

sensitivee to being 'programmed' by nutritional challenges during periods of 

rapidd cell division. Different tissues and organs undergo different periods of 

rapidd growth, and the effect of fetal undernutrition will therefore depend on 

itss timing. 

Babiess who are born with a large head have grown more rapidly from 

earlyy in gestation onwards. It has been speculated that when the demands for 

nutrientss later in gestation are no longer fully met in these rapidly growing 

fetuses,, the differentiation of specific thymus-derived helper lymphocytes 

fromm Th2-type towards Thl-type lymphocytes may be permanendy impaired 3, 

whichh will in turn lead to exaggerated IgE responses and atopic phenomena 

laterr in life.19 

Babiess who are born with a low weight on the other hand might have 

hadd a compromised development of the lungs, either with respect to the major 

airwayss which are fully formed before the 16th week of gestation and grow 

rapidlyy in size between the 17th and 20th week, or with respect to alveolar tissue 

whichh appears at the 30th week of gestation and goes through up to 50% of its 

developmentt in the short remaining time span before birth. 20 

Thee Dutch famine, a period of severe food shortage in the west of the 

Netherlandss at the end of World War II that lasted only 5 — 6 months, 

providess a unique opportunity to test the hypothesis that undernutrition 

duringg gestation increases the occurrence of obstructive airways disease in later 
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lif ee through impairing the rapid development of the major airways in early and 

midd gestation or that of alveolar tissue or the immune system in late gestation. 

Methods s 

SelectionSelection of participants 

Thee selection procedure for the Dutch famine birth cohort as well as the study 

methodss have been described in detail elsewhere. 21 The cohort consists of 

24144 singletons born alive after a gestation of at least 259 days in the 

Wilhelminaa Gasthuis in Amsterdam between 1 November 1943 and 

288 February 1947. The population registry ('Bevolkingsregister') of 

Amsterdamm traced 2254 of these 2414 babies (94.4%). We visited 912 people 

att home, who were still living in or close to Amsterdam, and interviewed them 

aboutt their medical history and current health. Of these 912 people, 741 

attendedd the Academic Medical Centre to undergo more detailed 

examinations.. Lung function could be successfully measured in 733 and serum 

IgEE concentrations in 726. Mean birth weights among the 912 who were 

visitedd at home or the 741 who attended the clinic were only slighdy higher 

thann among the rest of the 2414 babies (difference adjusted for prenatal 

exposuree famine is 12 g (p = 0.5), and 22 g (p = 0.3), respectively). 

ExposureExposure to famine 

Exposuree to famine was defined according to the official daily rations for the 

generall  population of 21 years and older. 22 The rations were about 

18000 calories per day in December 1943. This figure gradually decreased to 

aboutt 1400 calories in October 1944, and fell below 1000 calories on 

266 November 1944. The rations rose above 1000 calories after 12 May 1945, 

onee week after liberation by the Allied forces. In June 1945 rations were over 

20000 calories. During the famine, the caloric intake from protein, carbohydrate 

andd fat was more or less proportionately reduced. Children younger than 

11 year were relatively protected during the Dutch famine, because their official 

dailyy rations never fell below 1000 calories, and the specific nutrient 

componentss were always above the standards used by the Oxford Nutritional 

Survey.. A dietary assessment carried out in Amsterdam immediately after the 
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liberationn of the west of the Netherlands estimated that the total daily caloric 

intakee for an adult had been 1900 calories in October, 1944, 1300 calories in 

February,, 1945, 1250 calories in April , 1945, and 2450 calories at the end of 

May,, 1945, which corresponds to a caloric intake about twice that of the 

officiall  rations. n 

Wee considered a baby to be exposed to famine in utero if the average 

maternall  daily rations during any 13-week period of gestation was below 

10000 calories. Babies born between 7 January 1945 and 8 December 1945 were 

thuss exposed. We used three periods of 16 weeks to distinguish between 

babiess who were exposed during late gestation (born 7 January to 28 April), 

midd gestation (29 April to 18 August) and early gestation (19 August to 

88 December, 1945). 

StudyStudy parameters 

Thee medical birth records provided information about the socio-economic 

statuss of the family, the mother, the course of the pregnancy, and the si2e of 

thee baby at birth. Head circumference was estimated as 7tx (biparietal 

diameterr + fronto-occipital diameter) / 2. We took maternal weight at the last 

prenatall  visit within two weeks before birth. Socio-economic status at birth 

wass derived from the occupation of the head of the family, which was 

dichotomisedd into manual and non-manual class. 23 

Thee people visited at home were interviewed about their medical history 

andd smoking and drinking habits. Their current socio-economic status was 

codedd according to the participants' or their partners' occupations which ever 

wass highest, on a scale ranging from 16 for the lowest to 87 for the highest 

status.244 The interview contained furthermore standard questions approved by 

thee Medical Research Council (UK) on respiratory symptoms. 25 People were 

consideredd to have a productive cough if they had coughed and brought up 

sputumm on most days during three or more months in the two preceding years. 

Wee also asked whether a doctor ever told them that they had asthma, chronic 

bronchitis,, emphysema or 'chronic non-specific lung disease' (CNSLD, a 

generall  diagnosis of asthma and/or chronic obstructive pulmonary disease 

thatt was until recently commonly used in the Netherlands), either of which 

wass considered as a diagnosis of obstructive airways disease. 
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Thee people who visited the clinic underwent spirometry carried out by 

speciallyy trained research nurses using the Vitalograph Compact (Vitalograph 

Ltd,, Buckingham, UK). The participants were seated and used a nose clip. 

Afterr the participant had obtained an acceptable technique during a series of 

practicee blows, forced expiratory volume in one second (FEVi) and forced 

vitall  capacity (FVC) were measured at least three times. If the difference 

betweenn the highest and the second highest values of FEVi or FVC was more 

thann 5%, further measurements up to a maximum of eight were performed to 

improvee reproducibility. 26 The highest values of the series of FEVi or FVC 

measurementss were used in the analysis. 

Bloodd samples were taken to quantify the serum concentration of total 

andd allergen-specific IgE. Total IgE was measured with an inhibition assay for 

highh IgE concentrations ( > 150 IU/ml) and a binding assay for low 

concentrationss (< 150 IU/ml). 30 Levels of specific IgE against house dust 

mitee (Dermatophagoïdes pteronyssinus), grass pollen (Lolium perenne) and 

catt dander (Felis domesticus) were measured with the radio allergosorbant test 

(RAST).. 27 Each sample was tested in duplicate and the mean of these two 

resultss were used in the analyses. The results were expressed in international 

unitss using an in house-standard, calibrated against the World Healm 

Organisationn standard. 28 We considered specific IgE to be present, if the 

RASTT indicated a serum concentration > 0.5 IU/ml. 

StatisticalStatistical analysis 

Wee compared the allergic and respiratory outcome measures of people 

prenatallyy exposed to famine (in late, mid and early gestation) with those of 

non-exposedd people (those born before or conceived after the famine pooled 

together),, always adjusting for sex. We used linear regression to adjust the lung 

functionn measurements for the participant's sex, height and age. Linear 

regressionn was also used to analyse the effects of prenatal famine exposure on 

continuouslyy distributed variables. Before analysis, we log transformed the 

serumm concentration of total IgE, because of its skewed distribution. Its results 

aree therefore given as geometric means and standard deviations, and 

differencess between exposed and non-exposed people are relative differences 

andd expressed as percentages of the means of non-exposed people. We used 

logisticc regression for dichotomous outcome variables to calculate odds ratios, 
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whichh can be considered as relative risks. Differences were considered to be 

statisticallyy significant if two-sided p values were smaller than 0.05. Therefore, 

wee also computed 95% confidence intervals. 

Forr a relatively large number of participants, we did not have data of 

socio-economicc status at birth (dichotomised into manual and non-manual 

class).. When adjusting for it, we added an extra category in the regression 

modell  for those participants with missing values. 

Results s 

CharacteristicsCharacteristics of the study population 

Thee characteristics of the participants according to prenatal exposure to 

faminee are shown in table 1. Fewer men were included in the groups exposed 

too famine in mid and early gestation. Mothers exposed in late pregnancy were 

olderr and less often primiparous, whereas mothers of people exposed in early 

gestationn were slightly younger than people who were not exposed to famine 

prenatally.. Body weight of mothers measured within two weeks of the delivery 

wass lower among those exposed to famine in late and mid pregnancy. People 

exposedd to famine in late and mid gestation had a lower birth weight, body 

lengthh and ponderal index (weight divided by the cube of length) and smaller 

heads.. People exposed to famine in early gestation had a higher weight and 

bodyy length at birth, and a higher body weight at age 50, than non-exposed 

people.. The frequency of being a current smoker was higher among people 

exposedd in early gestation than among people in the other exposure groups. 

PrenatalPrenatal exposure to famine 

Wee did not find effects of prenatal exposure to famine on the serum 

concentrationn of total IgE (table 2 and 3). People exposed to famine in late 

gestationn however had more often specific IgE directed to grass pollen than 

non-exposedd participants, whilst the proportion of people having specific IgE 

againstt house dust mite or cat dander did not differ according to prenatal 

exposuree to famine. 

Meann lung function results (FEVi, FVC, and FEVi-to-FVC ratio) were 

nott different among the exposure groups (table 2 and 3). People exposed in 
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midd gestation had more often had wheezing than non-exposed people, and 

theyy also had more frequently been told by a doctor that they had obstructive 

airwayss disease (table 2 and 3). The proportion with obstructive airways 

diseasee seemed also to be increased in people exposed to famine in early 

gestation. . 

Resultss were hardly influenced by adjustment for age and parity of the 

motherr and socio-economic status at birth, as well as for current smoking and 

socio-economicc status at age 50. After allowing for these variables, we found 

ann odds ratio for obstructive airways disease of 1.7 (95% confidence interval 

1.11 to 2.8) if people were exposed in mid gestation, and of 1.4 

(95%% confidence interval 0.8 to 2.6) if people were exposed in early gestation. 

Si%eSi%e at birth 

Birthh weight was not associated with serum concentrations of total or specific 

IgE,, lung function results, or prevalence of respiratory symptoms or 

obstructivee disease (table 4). Neither was head circumference linearly 

associatedd with any of the allergic of respiratory measures (table 5), although 

peoplee with head circumferences above 34 cm had higher total IgE 

concentrationss than the other participants (28.1 versus 42.3 IU/ml, relative 

differencee adjusted for sex and prenatal exposure to famine 40%, 

95%% confidence interval 5% to 87%, p = 0.02). This difference did not change 

whenn we adjusted for age and parity of the mother and socio-economic status 

att birth, as well as for current smoking and socio-economic status at age 50. 

Birthh length and ponderal index were not associated with allergic or 

respiratoryy parameters (p for trend always > 0.2), except that FEVi and FVC, 

adjustedd for sex, height and age, increased with ponderal index (FEVi from 

3.011 1 if the ponderal index was < 25 kg/m3 to 3.14 1 if the ponderal index was 

>> 27 kg/m3; p for trend = 0.1; and FVC from 4.17 1 to 4.33 1, p for trend 

== 0.04). The FEVi-to-FVC ratio was not associated with ponderal index 

(FEVl-to-FVCC was 0.725 if the ponderal index was < 25 kg/m3, and 0.726 if 

thee ponderal index was > 27 kg/m3; p for trend = 0.7), 
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Discussion n 

Thee prevalence of respiratory symptoms and obstructive airways disease was 

increasedd in people who had been exposed to famine in mid gestation, and the 

prevalencee of disease tended to be higher also in people exposed to famine in 

earlyy gestation. These observations were not paralleled by effects of prenatal 

exposuree to famine on serum concentrations of IgE or lung function volumes. 

Thiss suggests that the observed increase in the prevalence of symptoms and 

diseasee is attributable to increased bronchial reactivity rather than to 

irreversiblee airflow obstruction or atopic disease, albeit that we have not 

measuredd bronchial reactivity directly. 

MethodologicalMethodological considerations 

Thee higher prevalence of respiratory complaints and obstructive airways 

diseasee among people exposed to famine in mid gestation could not be 

explainedd by an effect of season of birth. The prevalence of wheezing, 

productivee cough, and obstructive airways disease in people not exposed to 

faminee prenatally but born in the same time of the year as those exposed to 

faminee in mid gestation (born between 29 April and 18 August) was not 

increasedd (3.4%, 9.8% and 15.6%, respectively) compared to non-exposed 

peoplee bom outside that period (4.5%, 12.6% and 19.8%). On the other hand, 

thee higher prevalence of specific IgE against grass pollen in people exposed to 

faminee in late gestation (born between 7 January and 28 April) seemed to be 

duee to a seasonal effect. People who were not exposed to famine during 

gestationn but born in the same time of the year as those exposed to famine in 

latee gestation also had more frequently specific IgE against pollen than other 

non-exposedd people (13.2% versus 7.7%). 

Inn this respect, it also important to note that the prevalence of specific 

IgEE against cats decreased with date of birth from 7.2% among people born 

beforee to 4.3% among people conceived after the famine (table 2). The 

simplestt explanation for this time trend is that the number of cats rapidly 

declinedd during the famine, when it became very difficult for their owners to 

feedd them and some people even ate them as an addition to the falling rations. 

Bothh phenomena, the effect of season of birth on sensitisation to grass pollen 

ass well as the decline of sensitisation to cats with date of birth, seem therefore 

too support other evidence that there is a 'sensitive period' in the first months 
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off  life during which allergen exposure is more likely to prime for allergy later 

inn life. 29 

Ourr results with respect to respiratory complaints and obstructive 

airwayss disease are based on people's responses to questions asked during the 

homee interview, which were not verified against medical records. We did not 

findd effects of famine exposure on other complaints of chronic diseases 

(psychiatricc or orthopaedic), which indicates that the effects of famine 

exposuree in mid and early gestation were specific for respiratory complaints 

andd obstructive airways disease, and could not be explained by a general 

tendencyy to complain more about health. 

Sz\eSz\e at birth 

Peoplee born with large heads had higher plasma concentrations of total IgE, 

whichh is consistent with previous studies performed in childhood and adult 

life.. 1_3 A large head size at birth has been interpreted as a sign of rapid fetal 

growthh from early on in gestation that makes the fetus vulnerable for 

undernutritionn in late gestation. 30 We did not replicate frequently reported 

associationss between low birth weight and reduced lung function measures or 

respiratoryy symptoms and disease, but we did find that people born as thin 

babiess tended to have lower FEVi and FVC values, but no lower FEVi-to-

FVCC ratios, which indicates a restrictive rather than an obstructive deficit. 

Thinnesss at birth is also thought to result from fetal undernutrition in late 

gestation.. 31 The restrictive deficit observed in thin babies is in keeping with an 

impairmentt of lung growth in late gestation as alveoli appear only in the last 

trimesterr of gestation. 20 

PrenatalPrenatal exposure to famine and fetal growth 

Thee interpretation of the associations between a large head circumference at 

birthh and a high total IgE concentration, and between thinness and a 

restrictivee respiratory deficit as effects of fetal undernutrition in late gestation, 

seemss to be in conflict with the failure to find effects of maternal malnutrition 

inn late gestation on any of these outcomes. However, babies born during the 

faminee period — and therefore exposed to famine in late gestation — were on 

averagee only about 250 g lighter than babies who were not at all exposed to 
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faminee in utero, and this famine-related reduction in birth weight is relatively 

smalll  compared to the routinely observed variations in birth weights. In other 

words,, the Dutch famine has to be considered as a severe but short nutritional 

challengee superimposed on other determinants of the materno-placental 

supplyy of nutrients to the fetus. 32 

UnderlyingUnderlying mechanisms 

Studiess in rats showed more pronounced pulmonary injuries after SO2-

inducedd bronchial injuries in young animals that had been exposed in utero to 

aa low protein maternal diet than in non-exposed animals which may reflect 

programmingg of the immune system and antioxidant defences. 33 Furthermore, 

ratss exposed to a low-protein diet during gestation had a blunted acute phase 

responsee to endotoxin that was particularly distinct in lung tissue. M Another 

studyy in rats reported a decreased binding of dexamethasone to lung receptors 

inn fetuses exposed to a low protein diet. 35 The results of these experimental 

studiess indicate that nutritional challenges during gestation might induce an 

increasedd susceptibility to pulmonary injury later in life which is compatible 

withh our observation of an increased risk of obstructive airways disease in 

peoplee exposed to famine in mid and early gestation. 

Exaggeratedd IgE responses and atopic disease are associated with the 

presencee of T-helper-2-type lymphocytes (Th2) in adult life. 19 Normal fetal 

andd new-born immune responses to environmental antigens are Th2-skewed.39 

Duringg the first years of life a gradual shift towards Thl-dominated immune 

responsess takes place. Predisposition towards atopy and related disorders 

mightt result from an impairment in the shutdown of the Th2-type immune 

responsee during late gestation and in the first years after birth. One 

explanationn for the association between a large head circumference and an 

increasedd IgE level is that fetal undernutrition in late gestation affects the 

productionn of cytokines which, in turn, influences the direction of the 

differentiationn of the lymphocytes at that time. Another explanation is that 

highh total IgE levels reflect an impaired growth of the thymus during its rapid 

growthh in late gestation. 3 However, the link between large head circumference 

andd total IgE is not paralleled by an increase in persistent allergen-specific IgE 

responsess to environmental allergens in the first months of life. 
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Conclusions s 

Thee link between head circumference and total IgE in adulthood confirms 

earlierr studies, but no associations were found between maternal malnutrition 

andd the development of allergic conditions. The link between maternal 

malnutritionn in mid and early gestation and obstructive airways disease in 

adulthoodd supports the hypothesis that fetal undernutrition permanently 

affectss the structure and physiology of the airways during 'critical periods' of 

developmentt that coincide with periods of rapid growth. 
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Summary y 

Objective:Objective: To assess the effect of prenatal exposure to the Dutch famine on 

perceivedd health of 50 year-old men and women. 

Methods:Methods: We measured self-rated health among singletons born alive between 

Novemberr 1943 and February 1947 for whom we had detailed birth records. 

Results:Results: People who had been exposed to famine in early gestation, but not 

thosee exposed in mid or late gestation, more often rated their health as poor 

(10.3%% compared to 4.9% in the unexposed, OR 2.2 (95% confidence interval 

1.00 to 4.8)). The effect of exposure to famine in early gestation on perceived 

healthh could only partly be explained by an increased prevalence of coronary 

heartt disease, respiratory diseases, hypertension, diabetes, hyper-

cholesterolaemiaa or cancer (adjusted OR 2.2 (95% confidence interval 0.9 to 

5.2)).. Adjustment for adult risk factors (BMI, LDL/HD L cholesterol ratio, 

bloodd pressure, smoking) also attenuated the results to some extent (adjusted 

ORR 2.0 (95% confidence interval 0.7 to 5.7)). Those exposed to famine in early 

gestationn experienced more pain, and — though not statistically significant — 

theyy tended to have the highest scores on the majority of dimensions of the 

COOP/WONCAA charts, which might suggest a poorer quality of life. Those 

whosee mothers were light at the end of pregnancy more often rated their 

healthh as poor. The effect of exposure to famine in early gestation was 

independentt of the mothers' weight. 

Conclusion:Conclusion: People who were exposed to famine in early gestation were not only 

lesss healthy in terms of objective measures of health but they also felt less 

healthy.. Because poor perceived health is a strong predictor of mortality, we 

mightt expect increased mortality in people who were exposed to famine in 

earlyy gestation in the future. 
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Introductio n n 

Manyy diseases in adult life are thought to originate in die womb. 1 The fetal 

originss hypodiesis proposes that an adverse environment in utero permanently 

changess the physiology, metabolism and organ structure of the developing 

fetus,, and thereby initiates disease in later life. Follow-up of people whose 

motherss were pregnant around the time of the Dutch famine, a period of 

extremee food shortage in the west of the Netherlands that occurred during the 

lastt 5 -6 months of the Second World War, has shown that prenatal exposure 

too maternal starvation has lasting effects on health in adult life. The effects of 

prenatall  exposure to famine, however, depend upon its timing during 

gestation.. People exposed to the famine during late or mid gestation had a 

reducedd glucose tolerance at adult age 2, whereas people who had been 

exposedd to the famine in early gestation were more obese 3, had a more 

atherogenicc lipid profile 4, reduced plasma factor VI I concentrations 5, and 

possiblyy a higher prevalence of coronary heart disease. 6 In addition, people 

exposedd to famine in mid gestation had a higher prevalence of obstructive 

airwayss disease. 7 Despite the effects of prenatal exposure to famine on 

cardiovascularr and respiratory disease in adult life, we have not been able to 

demonstratee any effects on survival up to age 50. 8 

Wee here assess whether exposure to famine affects how people perceive 

theirr own health. Perceived health is a strong predictor of future mortality 

independentt of medical, behavioural or psychosocial risk factors. 9 As such, it 

reflectss more than the sum of objective indicators of health. Rather, it reflects 

aa persons' integrated perception of health including biological, psychological 

andd social dimensions, and may therefore be more sensitive than objective 

measuress of health. We compared health as rated by the participant and the 

interviewingg research nurse, together with aspects of quality of life, among 

peoplee exposed to famine in utero and those not exposed. 

Methods s 

SelectionSelection procedures 

Alll  singletons born alive between 1 November 1943 and 28 February 1947 in 

thee Wilhelmina Gasthuis, a university hospital in Amsterdam, were candidates 
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too be included in the Dutch famine birth cohort (for detailed description of 

selectionn procedures see reference 2). We excluded babies whose main medical 

recordss were missing, and those with a gestational age at birth of less than 259 

days.. In all, 2414 babies were included. The 'Bevolkingsregister' of Amsterdam 

(populationn registry) traced 2155 (89%) of the 2414 included babies. Of the 

2599 who could not be traced, 130 were not registered in Amsterdam at birth 

andd 129 had moved from Amsterdam to an unknown place of residence. Of 

these,, 265 had died, 199 had emigrated from the Netherlands, and 164 did not 

alloww the population registry to give their address to us. We obtained the 

currentt addresses of 1527 people of whom 566 still lived in Amsterdam. We 

askedd 1018 people who lived in or close to Amsterdam to be interviewed, 912 

off  them agreed to be interviewed about their medical history and current 

health.. Of these 912, 741 attended the clinic to undergo more detailed 

examinations.. Mean birth weights among the 912 who were visited at home or 

thee 741 who attended the clinic did not differ from the rest of the 2414 babies 

(differencee adjusted for exposure to famine is 12 g (p = 0.5), and 22 g 

(pp = 0.3), respectively). 

ExposureExposure to famine 

Wee defined the famine period according to the daily official food rations for 

thee general population older than 21 years. Children younger than 1 year were 

relativelyy protected during the famine, because their official daily rations were 

alwayss higher than 1000 calories, and the nutrient components were always 

abovee the standards of the Oxford Nutrition Survey. 10 We considered people 

too have been exposed to famine if the average daily ration for people older 

thann 21 years of age during any thirteen-week period of gestation was less than 

10000 calories. Therefore, babies born between 7 January, 1945 and 

88 December, 1945 were exposed in utero. We defined periods of 16 weeks each 

too differentiate between those who were exposed in late gestation (born 

betweenn 7 January, 1945 and 28 April , 1945), in mid gestation (born between 

299 April , 1945 and 18 August, 1945), and in early gestation (born between 

199 August, 1945 and 8 December, 1945). 

132 2 



StudyStudy parameters 

Thee medical birth records provided information about the mother, the course 

off  pregnancy and the size of the baby at birth. Maternal weight gain in the 

thirdd trimester was calculated from the difference in weight at the beginning 

andd end of the third trimester divided by the duration of the time interval 

betweenn the 2 measurements and multiplied by the duration of the trimester 

(133 weeks). We calculated head circumference as n x (biparietal diameter + 

frontoo occipital diameter) /2. The ponderal index was calculated as birth 

weightt divided by the cube of length. The socio-economic status at birth was 

dichotomisedd into manual and non-manual labour according to the occupation 

off  the head of the family. u 

Alll  subjects were interviewed about their medical history, lifestyle and 

usee of medication. Perceived health was based on the answer of the participant 

too the question: How do you rate your health in general? (1 = excellent, 

22 = very good, 3 = good, 4 = fair, 5 = poor). We additionally used the 

COOP/WONCAA charts 12>13 to measure aspects of quality of life. The 

COOP/WONCAA charts cover several dimensions including physical fitness, 

feelings,, daily activities, social activities, and pain. Each chart covers one 

dimensionn with one question; the 5 possible responses per question are 

illustratedd by a drawing, depicting the corresponding level of functioning or 

well-being,, the highest level getting a value of 1 and the lowest a value of 5. 

Thee interviewing research nurse also rated the health of the participants 

(11 = good, 2 = intermediate, 3 = poor). At the clinic, blood pressure was 

measuredd H, a standard oral glucose tolerance test was performed 2, and a 

fastingg blood sample was taken to measure serum cholesterol concentrations. 4 

Also,, an ECG was made 6 and weight and height3 were recorded. Because the 

intervieww took place before the clinic visit, the interviewing research nurse was 

nott aware of any objective measures of health of the participant but she was 

nott blinded to exposure status and size at birth of the participant at the time 

shee rated the participant's health. Current socio-economic status was coded 

usingg ISEI-92 according to the occupation of the participants or their partners; 

whicheverr was highest. t5 Values ranged from 16 (low status) to 87. The 

prevalenceprevalence of coronary heart disease was determined on the basis of 

informationn provided by the participants whether a doctor had ever diagnosed 

aa myocardial infarction as well as the results of the Rose questionnaire, the 

133 3 



presencee of Q waves on the ECG, or a history of coronary angioplasty. The 

prevalencee of obstructive airways disease, cardiovascular risk factors 

(hypertension,, diabetes or hypercholesteroleamia) and cancer, however, was 

solelyy based on the participants information about doctors' diagnoses. 

StatisticalStatistical methods 

Wee used linear and logistic regression analyses to examine differences in 

perceivedd health, health rated by the interviewing research nurse and the 

dimensionss of quality of life (COOP/WONCA charts) between those exposed 

inn late, mid or early gestation and the unexposed. We dichotomised perceived 

healthh giving a value of 1 if the participant rated its health as poor and 0 for all 

otherr ratings (excellent, very good, good, fair). And we also dichotomised 

healthh rated by the interviewing research nurse (1 if poor, 0 if good or 

intermediate).. We always adjusted for sex. We additionally adjusted for socio-

economicc status (at birth and current), doctors' diagnosis of disease 

(myocardiall  infarction, obstructive airways disease, hypertension, diabetes, 

hypercholesterolaemia,, or cancer), the prevalence of coronary heart disease 

(definedd as Q waves on the ECG, a positive Rose questionnaire or a history of 

angioplasty),, and adult risk factors (BMI, LDL/HD L cholesterol ratio, 

smokingg and blood pressure). 

Results s 

DutchDutch famine birth cohort 

Off  the 912 people studied, 364 (40%) had been exposed to famine in utero 

(tablee 1). Men were underrepresented in the groups that were exposed to 

faminee during gestation. Weight at the last prenatal visit was lower in mothers 

exposedd to famine during late pregnancy (who gave birth during the famine) 

andd in mothers exposed during mid pregnancy (who conceived before the 

faminee and gave birth after the famine). Weight gain during the last trimester 

off  pregnancy was lower in mothers exposed to famine during late pregnancy, 

andd higher in those exposed in mid pregnancy and in those exposed in early 

pregnancyy (who conceived during the famine). Babies exposed to famine in 
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latee or mid gestation were lighter and shorter, and had smaller heads than 

thosee not exposed. 

Forty-sevenn people rated their health as poor, 13 had a poor health as 

ratedd by the interviewing research nurse, and 8 had poor ratings on both. 

Peoplee who were interviewed at home but did not come to the clinic more 

oftenn rated their health as poor (8.8% versus 4.7%, p = 0.03). People with 

lowerr socio-economic status more often rated their health as poor, though this 

wass stronger for socio-economic status at birth than current socio-economic 

status.. Also, people with a doctor's diagnosis of disease more often rated their 

healthh as poor (table 2). Adult risk factors such as plasma cholesterol and 

glucosee concentrations, BMI, and smoking were also linked with perceived 

healthh (table 2). 

ExposureExposure to famine 

Peoplee exposed to famine in early gestation, but not those exposed in mid or 

latee gestation, more often rated their health as poor (10.3% compared to 4.9% 

inn the unexposed, OR 2.2 (95% confidence interval 1.0 to 4.8), table 3). The 

effectt of exposure to famine in early gestation was similar in the group that 

camee to the clinic (OR 2.5 (95% confidence interval 1.0 to 6.2)). Adjustment 

forr socio-economic status at birth and in adult life did not alter this finding 

(adjustedd OR 2.3 (95% confidence interval 1.0 to 5.0)). The effect of exposure 

too famine in early gestation on perceived health could only partly be explained 

byy an increased prevalence of coronary heart disease, respiratory diseases, 

hypertension,, diabetes, hypercholesteroleamia or cancer (adjusted OR 2.2 

(95%% confidence interval 0.9 to 5.2)). Adjustment for adult risk factors (BMI, 

LDL/HD LL cholesterol ratio, blood pressure, smoking) also attenuated the 

resultss to some extent (adjusted OR 2.0 (95% confidence interval 0.7 to 5.7)). 

Inn keeping with the poorer perceived health of those exposed to famine 

inn early gestation, the interviewing research nurses more often rated the health 

off  people exposed to famine in early gestation as poor (2.8%) versus 0.6%, OR 

6.99 (95% confidence interval 1.4 to 35.1)). Those exposed to famine in early 

gestationn experienced significandy more pain (table 3). Although far from 

statisticallyy significant, they also had higher scores on the majority of other 

dimensionss of the COOP/WONCA charts. 
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Si%eSi%e of baby and mother at birth 

Thee size of the baby at birth was not associated with perceived health 

(pp always larger than 0.2). Children of mothers who had been light at the end 

off  pregnancy (within two weeks of delivery) more often rated their health as 

poorr (6.7% among those whose mother were in the lowest fourth of weight 

versuss 1.4% among those whose mothers were in the highest fourth of weight 

att the end of pregnancy, OR 3.7 (95% confidence interval 1.0 to 13.5), p for 

linearr trend = 0.04). But, maternal weight gain was not linked with perceived 

healthh (p = 0.4). After adjustment for maternal weight, the effect of exposure 

too famine during early gestation was not attenuated (adjusted OR 3.0 

(95%% confidence interval 1.1 to 8.5)). After additional adjustment for maternal 

age,, parity and socio-economic status this figure was 2.5 (95% confidence 

intervall  1.1 to 5.6). 

Tablee 2. Percentage of people with coronary heart disease or current smokers, 

andd mean BMI , systolic blood pressure, 2hr plasma glucose concentrations, 

L D L / H D LL cholesterol concentrations index according to perceived health 

(numberss of persons in parentheses). 

smokers s 
(%) ) 

26.3 3 
28.0 0 
37.5 5 
43.1 1 
56.0 0 

GeneralGeneral health 
excellentt (95) 
veryy good (100) 
goodd (493) 
fairr (174) 
poorr (50) 

pp for linear trend <0.001 <0.001 0.71 

BMI I 
(kg/m2) ) 

26.2 2 
26.3 3 
26.7 7 
27.6 6 
28.4 4 

SBP P 
(mmHg) ) 

126.1 1 
122.5 5 
125.5 5 
125.8 8 
130.1 1 

2hr r 
glucose e 

(mmol/1) ) 

5.6 6 
5.7 7 
6.0 0 
6.1 1 
7.1 1 

<0.001 1 

LDL / / 
HDL L 

CHD D 
(%) ) 

1.3 3 
2.5 5 
2.5 5 
3.5 5 
17.6 6 

0.022 <0.01 

2.7 7 
2.7 7 
2.9 9 
3.0 0 
3.3 3 

GeneralGeneral health 
excellentt (95) 
veryy good (100) 
goodd (493) 
fairr (174) 
poorr (50) 

pp for linear trend 

airwayss disease (%) 

6.3 3 
18.0 0 
16.2 2 
25.3 3 
34.0 0 

<0.001 1 

doctorss diagnosis 
MII  (%) 

1.0 0 
0 0 

2.4 4 
3.4 4 
4.0 0 
0.05 5 

CHDD risk fact 

28.4 4 
29.0 0 
38.5 5 
56.9 9 
56.0 0 

<0.001 1 
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Discussion n 

Menn and women who had been exposed to famine in early gestation more 

oftenn rated their health as poor. Their poorer perceived health could only 

partlyy be explained by differences in the prevalence of existing coronary heart 

disease,, obstructive airways disease, hypertension, diabetes, hyper-

cholesterolaemiaa or cancer. Those exposed to famine in early gestation not 

onlyy have a higher prevalence of coronary heart disease and its risk factors but 

alsoo feel less healthy. 

Selectionn processes might have led to a spurious association between 

exposuree to famine in early gestation and poor health in later life. In addition, 

otherr factors may have biased the effects of exposure to famine in early 

gestation.. One possibility is selective fertility, because people who were 

exposedd to famine in early gestation were conceived during a period in which 

fertilityy was markedly reduced; 50% of women of reproductive age suffered 

fromm amenorrhea at that time. n However, adjustment for maternal 

characteristicss which may be proxies for determinants of fertility (maternal 

age,, parity, weight and socio-economic status) did not alter the results. A 

secondd possibility is selective survival. This seems an unlikely explanation 

becausee mortality among those exposed in early gestation did not differ from 

thatt among those conceived after the famine 8, whereas our current results 

showw that the percentage of people who rated their health as poor in those 

conceivedd during the famine was twice as high compared to those conceived 

afterr the famine. 

Peoplee who were interviewed at home but did not come to the clinic 

moree often rated their health as poor. This did not introduce bias, however, 

becausee we found that the effect of exposure to famine in early gestation was 

similarr in the group that was interviewed and the group that came to the clinic. 

Inn addition, confounding by socio-economic status seems an unlikely 

explanationn for our results as adjustment for socio-economic status at birth as 

welll  as at adult age did not alter the results. 

Ourr finding that those exposed to famine in early gestation more often 

ratedd their health as poor might be due to an increased awareness of the 

possiblee adverse effects of exposure to famine during early life among these 

people.. We consider it more likely, however, that people who were born 

beforebefore or during the famine (those exposed in late gestation) would have an 

increasedd awareness of potential harmful effects of the famine rather than 
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thosee who were conceived during the famine and born after it (those exposed 

inn early gestation), especially since the famine ended abrupdy and food was 

readilyy available soon after the famine. Moreover, the interviewing research 

nursee also more often rated the health of these people as poor, which makes 

increasedd awareness an unlikely explanation for our findings. 

Peoplee exposed to famine in early gestation were not small at birth and 

thee effect of exposure to famine in early gestation on perceived health was 

independentt of the size of the baby at birth, which suggests that exposure to 

starvationn during gestation can have permanent effects on health without 

affectingg the size of the baby at birth. This is in agreement with our finding 

thatt exposure to famine in early gestation affected the levels of several 

cardiovascularr risk factors independent of size at birth 4, and our finding that, 

irrespectivee of size at birth, exposure to famine during late or mid gestation 

permanentlyy impaired glucose tolerance. 2 This suggests that adaptations that 

enablee the undernourished fetus to sustain growth can nevertheless have 

adversee long-term consequences. 

Wee have found that exposure to famine in early gestation led to an 

increasedd prevalence of coronary heart disease 6 and its risk factors 3-4 and -

largelyy independent of this — also to a worse perception of health. Perceived 

healthh is a subjective measure, and as such it reflects important information 

beyondd quantifiable measures of health. It represents complex human 

judgementss about the full array of diseases and symptoms a person has and 

probablyy even symptoms as yet undiagnosed but present in prodromal stages. 

Moreover,, it is a dynamic evaluation, judging trajectory and not only current 

levell  of health. Many studies have shown that perceived health is a robust 

predictorr of subsequent mortality, those reporting poorer health having a 

higherr mortality than those reporting better health. 9 Objective measures of 

healthh and psychosocial factors reduce, but do not eliminate, this strong link 

betweenn perceived health and mortality. Despite effects of exposure to famine 

inn early gestation on health in later life, we have not been able to demonstrate 

anyy effects on mortality up to age 50. Our current findings suggest that we 

mightt expect increased mortality in the people who were conceived during the 

faminee in the future. 
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Adultt  survival 
afterr  prenatal exposure to famine 
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InIn common with other living creatures the human fetus is plastic, 

itit  is able to adapt to external stimuli. 
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Summary Summary 

Objective:Objective: To assess the effect of prenatal exposure to the Dutch famine 

19444 — 1945 on survival. 

Methods:Methods: We followed a cohort of 2254 singletons born alive between 

Novemberr 1943 and February 1947 in one hospital in Amsterdam. 

Jesuits:Jesuits: Mortality up to age 50 was highest among those born before the 

faminee (15.2%) and among those exposed to famine in late gestation (14.6%), 

itt was lower among those exposed in mid (11.2%) or early gestation (11.5%), 

andd it was lowest among those conceived after the famine (7.2%). These 

differencess were caused by effects in mortality in the first years after birth, 

mainlyy related to nutrition and infections. There was no effect of exposure to 

faminee on mortality after the age of 18. The hazard ratio was 1.4 

(95%% confidence interval 0.8 to 2.3) for those born before the famine, 1.1 

(95%% confidence interval 0.5 to 2.3) for those exposed in late gestation, 0.8 

(95%)) confidence interval 0.3 to 1.8) for those exposed in mid gestation and 

1.11 (95% confidence interval 0.5 to 2.5) in those exposed in early gestation 

comparedd to those conceived after the famine. 

Conclusion:Conclusion: We could not demonstrate effects of prenatal exposure to famine 

onn cause-specific mortality after the age of 18. Because prenatal exposure to 

faminee is linked to cardiovascular risk factors and disease, we may expect 

increasedd cardiovascular mortality in the future. 
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Introductio n n 

Eventss in early life may influence adult survival. A study among people born 

inn the Gambia between 1949 and 1994 has shown that people born during the 

Vet'' (hungry) season were up to 10 times more likely to die prematurely in 

adulthoodd than those born during the 'dry' season. l Links between prenatal 

undernutritionn and adult survival are thought to be the result of nutritional 

programming.. Undernutrition during critical periods of fetal development may 

permanendyy alter the body's structure, physiology and metabolism, and 

therebyy increase the susceptibility to disease in adult life. 2 Because different 

tissuess have different critical periods of development in fetal life, the specific 

effectss of fetal undernutrition depend on the time in development at which it 

occurs. . 

Thee Dutch famine of 1944 - 1945 provides a unique opportunity to 

studyy the effects of prenatal exposure to famine. Since the famine period 

lastedd only 5 - 6 months, it is possible to study the effects of maternal 

malnutritionn according to its timing during gestation. Stein and Susser have 

shownn in their extensive study of its effects on human development that 

exposuree to the Dutch famine particularly in the third trimester increased 

mortalityy in the first months of life but not mortality after that period up to 18 

years.3 3 

Wee assessed whether prenatal exposure to the Dutch famine increased 

mortalityy up to age 50. Recendy, we showed that people exposed to the Dutch 

faminee in late and mid gestation have a reduced glucose tolerance at the age of 

500 4, whereas those exposed to famine in early gestation have a more 

aoHerogenicc lipid profile 5 and, at least the women, increased levels of 

abdominall  obesity. 6 Moreover, people exposed to famine in early gestation 

hadd more often coronary heart disease independent of these increased 

cardiovascularr risk factors. 7 
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Methods s 

SelectionSelection procedures 

Alll  5425 singletons born alive in the Wilhelmina Gasthuis, a university hospital 

inn Amsterdam, between 1 November 1943 and 28 February 1947 were 

candidatess to be included in the Dutch famine birth cohort. Their medical 

recordss have been kept in the 'Gemeentearchief (city archive) and provide 

informationn on the mother, the course of pregnancy, and the size of the baby 

att birth. Firsdy, we excluded 349 babies who were stillborn or part of a 

multiplee pregnancy. Secondly, we sought the medical records of all 

13800 babies born between 1 November 1944 and 28 February 1946, who were 

potentiallyy exposed to famine during gestation. Thirdly, we sought the records 

off  a random sample of 650 singletons out of the 1305 babies born in the year 

beforebefore that period (between 1 November 1943 and 31 October 1944) and of a 

randomm sample of 650 out of the 2391 babies conceived in the year after that 

periodd (born between 1 March 1946 and 28 February 1947). Of these 2680, 

277 (1.0%) were excluded because their main medical records were missing, and 

2399 (8.9%) were excluded because the gestational age at birth was less than 

2599 days, either as computed from the date of the last menstrual period, or as 

estimatedd by the obstetrician at the first prenatal visit and at the physical 

examinationn of the baby just after birth. In all, 2414 liveborn singletons were 

included. . 

Betweenn 1994 and 1996, the 'Bevolkingsregister' (population registry) of 

Amsterdamm sought information about the survival of the 2414 included 

babies.. Of these 2414, 160 (6.6%) were not registered as new-boms in 

Amsterdamm and had therefore to be excluded from the analysis. Mean birth 

weightt of these excluded babies did not differ from the other 2254 (3381 g 

versusversus 3343 g, p adjusted for exposure to famine = 0.6). 

Wee obtained the cause of death from the Central Bureau of Statistics. 

Thee causes of death were coded according to the International Classification 

off  Disease coding system used at the time of death (ICD-5 between 1941 and 

1949,, ICD-6 between 1950 and 1957, ICD-7 between 1958 and 1968, ICD-8 

betweenn 1969 and 1978, ICD-9 between 1979 and 1995, and ICD-10 from 

19966 onwards). For the purpose of our analyses, we subsequendy categorised 

themm into nutrition-related causes (ICD-9 codes 262-263), congenital 

anomaliess (ICD-9 codes 740-759), infections (ICD-9 codes 001439), 
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cardiovascularr disease (ICD-9 codes 410-414), cancer (ICD-9 codes 140-239), 

andd others. 

ExposureExposure to famine 

Wee defined die famine period according to the daily official food-rations for 

thee general population older than 21 years. The official rations reflected rather 

accuratelyy the variation over time in the total amount of food available in the 

westt of the Netherlands. 8 In addition to the official rations, food came also 

fromm other sources (e.g. church organisations, central kitchens, and the 'black 

market5),, and about twice as much food was actually available to individuals 

duringg the peak of the famine. The official rations should therefore only be 

takenn as a relative measure of nutritional intake for the population as a whole. 

Thee official rations were about 1800 calories per day in December 1943. 

Thiss figure gradually decreased to about 1400 calories in October 1944, and 

felll  below 1000 calories on 26 November 1944. The amount of protein, 

carbohydratee and fat decreased more or less proportionately. The rations 

variedvaried between 400 calories and 800 calories from December 1944 to April 

1945,, and rose above 1000 calories after 12 May 1945, one week after 

liberationn by the Allied forces. In June 1945, rations were over 2000 calories. 

Childrenn younger than 1 year were relatively protected during the famine, 

becausee official daily rations for this group were always higher than 

10000 calories. 9 

AA person was considered to be prenatally exposed if the average daily 

rationn for people older than 21 years during any thirteen-week period of 

gestationn contained less than 1000 calories. Therefore, people born between 

77 January 1945 and 8 December 1945 were exposed prenatally. We defined 

periodss of 16 weeks each to differentiate between those who were exposed in 

latee gestation (born between 7 January 1945 and 28 April 1945), in mid 

gestationn (born between 29 April 1945 and 18 August 1945), and in early 

gestationn (born between 19 August 1945 and 8 December 1945). 

StatisticalStatistical methods 

Wee constructed Kaplan Meier curves as a function of age for the groups born 

before,, exposed to famine in late, mid and early gestation, and those conceived 

afterr the famine. Censoring took place when the population register had traced 
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thee person, at the age of 50, or at the date of emigration, whichever was first. 

Wee used the proportional hazards model to explore the influence of exposure 

too famine, maternal characteristics and body measures at birth on overall and 

cause-specificc mortality, always adjusting for sex. The proportional hazards 

modell  produces hazard ratios which can be taken as relative risks. 

Thee date of emigration was missing for 22 people and for these people 

thee median time from birth to emigration was imputed (6912 days). For a 

relativelyy large number of persons, we did not have data on maternal weight at 

thee end of pregnancy or on weight gain. When studying these variables, we set 

thee value of that variable with missing values to die average of the non-missing 

valuess and entered an extra variable into the regression model with a value of 1 

forr those with missing values and a value of zero for the rest. 

Results s 

Off  the 2254 people included in the Dutch famine birth cohort, 778 (35%) had 

beenn exposed to famine in utero (table 1). 257 (11.4%) of the 2254 included 

peoplee had died before die age of 50. The proportion of boys was lower in all 

threee groups exposed to famine during gestation. Weight at last prenatal visit 

wass lower in mothers exposed to famine during late or mid pregnancy. Weight 

gainn in the third trimester was lower in mothers exposed to famine during late 

gestation,, and higher in those exposed to famine in mid or early gestation. 

Babiess exposed to famine in late or mid gestation were lighter, shorter and 

thinnerr at birth, and had smaller heads than those conceived after the famine. 

Peoplee conceived after the famine had the lowest mortality up to the age 

off  50 (7.2%; see figure 1). Mortality was higher in those exposed to famine in 

earlyy gestation (11.5%) and mid gestation (11.2%). Mortality was highest in 

thosee exposed to famine in late gestation (14.6%)) and those born before the 

faminee (15.2%). As shown in figure 1, the differences in mortality were caused 

byy effects of famine on mortality in the first years of life, and these deaths 

weree mainly related to nutrition or infections (table 2). 

Mortalityy between 18 and 50 in people born before the famine or in 

peoplee exposed to famine at some time during gestation did not differ 

significandyy from that in people conceived after the famine. The hazard ratio 

wass 1.4 (95% confidence interval 0.8 to 2.3) for those born before the famine, 

1.11 (95% confidence interval 0.5 to 2.3) for those exposed in late gestation, 
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0.88 (95% confidence interval 0.3 to 1.8) for those exposed in mid gestation 

andd 1.1 (95% confidence interval 0.5 to 2.5) in those exposed in early gestation 

comparedd to people conceived after the famine. The effect of exposure to 

faminee on either mortality before or after age 18 were not different for men 

andd women (p for interaction always larger than 0.2). 

Babiess who were small at birth had a higher mortality up to age 50 (see 

figurefigure 2). The effect of size at birth was also only caused by effects on early 

mortality.. Mortality in the first 18 years increased with decreasing birth weight 

(tablee 3, p for trend adjusted for prenatal exposure to famine = 0.00), length 

(pp = 0.00) and head size (p = 0.002) but not with ponderal index (p = 0.3). 

Mortalityy past the age of 18 was unaffected by size at birth (p always > 0.2). 

Babiess whose mothers gained litde weight in the third trimester had a higher 

mortalityy in the first 18 years after birth (p = 0.00), whereas mortality after the 

firstfirst 18 years was not affected (p = 0.8). Maternal weight at the end of 

pregnancyy was not associated with mortality in the first 18 years (p = 0.2) nor 

withh mortality thereafter (p = 0.7). Parity was not associated with mortality 

beforebefore or after age 18 (p always larger than 0.8). 

Discussion n 

Wee found that pre- and postnatal exposure to famine raised mortality in early 

life,, but not thereafter. Overall mortality was highest among people who were 

bornn before the famine and among people who were exposed to famine in late 

gestation,, lower among people who were exposed to famine in mid or early 

gestation,, and lowest among people who were conceived after the famine. 

Thesee differences were caused by effects on mortality in the first years after 

birth.. Early deaths were mainly related to nutrition and infections. We could 

nott demonstrate an effect of exposure to famine on overall or cause-specific 

mortalityy in adult life, which may be due to the limited power of our study. 

Similarly,, small size at birth was related to increased mortality in early life, but 

nott to mortality after the age of 18. 

Onee should interpret our finding that people exposed to famine during 

gestationn did not experience increased mortality during adulthood taking into 

accountt that we studied a cohort in which early mortality was raised, especially 

inn those born before or during the famine. Moreover, during the famine more 
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Figuree 1. Survival (%) according to timing of exposure to famine as a function of age. 
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Figuree 2. Survival (%) according to birth weight (g) as a function of age. 
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babiess were stillborn (5.8% versus 3.6 % in those conceived after the famine, 

AJJ Stolwijk, internal report, Academic Medical Centre 1995). The 'weakest' 

memberss of the cohort may have died early, and the people who survived up 

too the age of 18 may therefore have formed a more homogeneous group. 

Thesee differences in early mortality may therefore have caused a slight 

underestimationn of the effect of prenatal exposure to famine on adult 

mortality. . 

Infantt mortality has shown a decreasing trend in the Netherlands since 

thee beginning of this century. Infant mortality was 3.7% between 1936 and 

1939,, and this figure decreased to 3.1%» between 1946 and 1950. The effects 

wee found on early mortality, however, are much larger than can be explained 

byy this time trend. 

Severall  studies report an increased adult mortality in cohorts that had 

beenn born during one of the World Wars. Both men and women born during 

Worldd War I and II in Italy 10 or France H as well as men and women born 

duringg World War II in the Soviet Union11 have subsequendy experienced an 

increasedd mortality in adult life compared to people born shortly before or 

afterr the war period. People born in France or Italy during World War I had a 

22 to 4-fold increase in mortality in adulthood, whereas those born during 

Worldd War II had a IV2 to 2-fold increase. We, on the other hand, studied 

peoplee born during or immediately after World War II in the Netherlands, 

somee of whom also had been exposed to famine in utero. Not only prenatal 

exposuree to famine but also being born during wartime conditions might have 

contributedd to increases in adult mortality. Our finding that those who were 

conceivedd after the war had the highest survival is in agreement with these 

observations. . 

Theree are only two other studies that have examined the effects of 

prenatall  exposure to famine on adult mortality. One study was performed 

amongg 160000 people born in Finland during the severe famine period of 

18666 to 1868, that was the result of a series of crop failures. This study showed 

ann increase in mortality during the famine, but no effects on adult mortality 

afterr the age of 17.13 Another study, performed in the Gambia, found that 

peoplee born during the 'wet' period, during which there is a shortage of food, 

weree up to ten times more likely to die in early adulthood than people born 

duringg the rest of the year. l These two studies on the effects of prenatal 

exposuree to famine on adult mortality differ considerably from ours with 

156 6 



respectt to the characteristics of the studied populations and famine periods. 

Firsdy,, mortality in early life was much higher in the 19th century in Finland 

andd in the 20th century in the Gambia than in the Netherlands at the time of 

Worldd War II . Mortality up to age 18 varied between 4% and 11% in our 

study,, whereas it varied between 32% and 42% in the Finnish study and it was 

aroundd 35% in the Gambia. Secondly, both the Finnish and the Gambian 

studyy examined the effect of an acute deterioration of nutritional conditions 

superimposedd on chronic malnutrition. The Dutch famine however occurred 

abruptlyy in a relatively well-nourished population, lasted only 5 - 6 months, 

andd was followed by a time of rapidly increasing affluence. Thirdly, both in the 

Gambiaa and in Finland at the end of the 19th century infections were a 

commonn cause of the death in adult life, whereas cardiovascular disease and 

cancerr are the most common causes of death in adulthood in the Netherlands. 

Thee investigators of the Gambian study suggested an impaired fetal 

developmentt of the immune system in general or of the thymus in particular in 

thosee born during the wet season. 1 This interpretation corresponds to studies 

inn rats that showed a rapid growth of the thymus especially in mid and late 

gestationn u and to studies in humans that showed a decline of immune 

functionn after puberty and involution of the thymus. 15 This reduced immune 

competencee might have been especially crucial in the Gambia as mortality 

fromm infectious disease accounted for more than 55% of all death in sub-

Saharann Africa in 1990, whereas in developed countries it accounted for only 

5%.l 6 6 

Experimentss in rats have shown that undernutrition during gestation 

followedd by adequate nutrition and 'catch-up' growth after birth is associated 

withh more rapid ageing and a decreased life span 17, which suggests an 

importantt interaction between pre- and postnatal growth. One may speculate 

thatt reduced fetal growth due to fetal undernutrition generally reduces cell 

numberss and that subsequent catch-up growth is achieved by the overgrowth 

off  a limited cell mass. These findings in rats could be more relevant for some 

mortalityy patterns observed in developed countries. The extra 4 months of life 

observedd in the control rats added onto a 13 months lifespan in the group that 

caughtt up after birth would match with an extra 20 years added onto the 

lifespann of a man who dies from ischaemic heart disease at 60. 

Wee have already shown that people born during the Dutch famine 

(exposedd in late gestation) had a decreased glucose tolerance 4, and those 
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conceivedd during the famine (exposed in early gestation) had a more 

atherogenicc lipid profile 5 and, at least the women, were more obese 6 than 

peoplee who were not exposed to famine in utero. Moreover, we have also 

shownn that people exposed to famine in early gestation had more coronary 

heartt disease which could be only partly explained by their increased levels of 

cardiovascularr risk factors. 7 The people born around the time of the Dutch 

faminee are relatively young in the context of coronary heart disease. It is 

thereforee likely that the effects on coronary heart disease will become apparent 

ass they grow older. We will therefore monitor their survival in the course of 

timee to assess to what extent the association between prenatal exposure to 

faminee and cardiovascular risk factors will result in increased mortality. 
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Generall Discussion 

SoSo it is when my life began. 

SoSo it is now I am a man. 

SoSo be it when I shall grow old, or let me die! 

TheThe Child is the Father of Man. 

(Wadsworth(Wadsworth 1802) 



Prenatall  exposure to undernutrition appears to have permanent effects on 

health.. The effects of undernutrition, however, depend upon its timing during 

gestationn and the organs and systems developing during that critical time 

window.. Our findings suggest that risk factors for coronary heart disease, such 

ass hypertension, hypercholesterolaemia and hypercoagulation, which often co-

exist,, have their origins in uterv, but that they are programmed through 

differentt environmental influences. We found effects of undernutrition during 

gestationn on adult health even in the absence of effects on body size at birth. 

Thiss implies that adaptations that enable the fetus to grow can nevertheless 

havee adverse long-term consequences. These findings broadly support the 

fetall  origins hypothesis. 

Thiss chapter will focus on some methodological issues. We will 

furthermoree elaborate on the implications of our findings for the fetal origins 

hypothesiss and future research that should be performed. Finally, we will 

considerr the implications of our findings for chronic disease epidemiology and 

publicc health. 

Thee Dutch famine: methodological issues 

Wee mimicked a scientific experiment by comparing the health of people born 

att different times in relation to the famine. An ideal experiment creates 

circumstancess across which only one factor (in this case the famine) affecting 

thee outcome of interest (in this case adult health) varies. However, the analogy 

withh an experiment is violated to some extent because the famine affected 

fertilityy and early mortality. 5 Selective fertility did not seem to explain our 

findingss as adjustments for maternal characteristics that might be proxies for 

fertilityy (age, parity, maternal weight and socio-economic status) hardly altered 

thee results. Nor did we find indications that differences in early mortality had 

causedd differences in adult health: there were no differences in adult health 

betweenn people who were born before the famine and those who were 

conceivedd after the famine, whereas early mortality differed most strongly 

betweenn these two groups. 

Inn our study, the hypothesised factor affecting the outcome was prenatal 

undernutritionn due to maternal exposure to famine during gestation. Although 

thee famine was characterised by extreme shortage of food, the availability of 

foodd was not the only aspect that varied with the famine. The famine 
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coincidedd with a very cold winter during which infections were widespread. 6 

Also,, the stress experienced by pregnant women during the famine due to lack 

off  food, the war, and the absence of their spouses will have been more 

extremee than in those who were pregnant before or after the famine. We can 

nott rule out effects of exposure to stress as a possible cause of long-term 

effectss on health. We do not, however, consider stress to be a major cause of 

thee effects we found since we did not find differences in health between 

peoplee who were born before the famine and those conceived after the 

famine,, whereas one would expect differences in the levels of exposure to 

stresss between these groups. Moreover, we observed effects on health 

predominantlyy in the offspring of women exposed to famine in early gestation. 

Onee would expect at least the same or even higher levels of stress in pregnant 

womenn exposed to famine in late or mid gestation, yet, we did not find that 

offspringg of these women had a poorer health. Furthermore, we found that 

thee balance of nutrients in the maternal diet during late gestation was linked to 

bloodd pressure both in people who had been exposed to famine and those 

whoo had not been exposed prenatally, which suggests that maternal nutrition 

ratherr than stress is important in programming blood pressure. Finally, animal 

experimentss have shown that not only caloric restriction during gestation, but 

alsoo protein restriction during which caloric intake was unrestricted affected 

thee health of the offspring. This suggests that nutrition rather than stress is the 

majorr cause of effects on health. Whatever the true cause of the adaptations 

madee by the fetus that resulted in disease in later life, our findings indicate that 

ann adverse environment in utero can have permanent effects on health. 

Inn terms of the hypothesis of critical periods, the stage of growth and 

developmentt of the fetus during which it was undernourished was an 

importantt factor in our study. Organs are most vulnerable at periods of rapid 

growthh and development. Disturbance of development at a critical period 

duringg gestation is likely to be irreversible. 7 Our definition of exposure to 

faminee in late, mid or early gestation was based on the simple division of 

pregnancyy into three equally sized periods. It is unlikely that this coincides 

exactlyy with biological critical periods corresponding to periods of rapid 

growthh and development. This may have led to an underestimation of effects 

off  undernutrition during a critical period of gestation. 
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Thee fetal origins hypothesis 

Criticism Criticism 

Notwithstandingg the large number of publications supporting the fetal origins 

hypothesis,, critics suggest that the associations found are biased and should 

nott be interpreted as causal. 8"n Selection bias, confounding by socio-

economicc status and inconsistencies within and across studies are among the 

mostt frequently raised points of critique questioning the validity of findings on 

thee fetal origins of adult disease. We will discuss these issues below. 

SelectionSelection bias 

Programmingg studies are unique in that potential causes are temporally 

separatedd from effects by a span of some 5 decades or more. Losses to follow-

upp are an inevitable feature of these studies and raise the possibility of 

selectionn bias. 

Wee studied the adult health of less than half of the original cohort. 

However,, size of the baby and the mother at birth according to prenatal 

exposuree to famine in the group of participants were not different from the 

restt of the cohort suggesting that those who participated are a representative 

samplee of the entire cohort. 

Wee only invited people to the clinic who were born in the Wilhelmina 

Gasthuiss and still lived in or close to Amsterdam (within an 80 km radius), 

thereforee those who came to the clinic are not a random sample. However, 

ourr analyses are based on comparisons within this sample. Unless the relations 

off  prenatal exposure to famine and adult health are different among people 

bornn in or outside the hospital and between people who live close to or far 

fromm Amsterdam, no bias has been introduced. 

Becausee of the quality of the registrations systems and the presence of a 

personall  identity number in Scandinavian countries, complete follow up in 

thesee countries is feasible, thereby overcoming the problem of selection bias.12 

Byy far the most persuasive evidence of a real association between size at birth 

andd coronary heart disease has been provided by a study performed in 

Sweden.. This study among 15000 men and women clearly showed that 

cardiovascularr mortality decreased with increasing birth weight 12 
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ConfoundingConfounding by socio-economic status 

Itt has been suggested that small size at birth is simply a marker of poor 

socio-economicc circumstances around the time of birth. n Continuities in 

socio-economicc disadvantage from birth to adulthood could be an alternative 

explanationn for the link between small size at birth and an increased risk of 

diseasee in later life. 

Mostt patients in the Wilhelmina Gasthuis came from lower to middle 

sociall  classes, but littl e is known about the actual referral pattern during the 

periodd of our study. Adjustment for socio-economic status at birth and 

adulthood,, however, did not alter our results. One could question whether 

occupationn during wartime is an appropriate indicator of socio-economic 

status.. Although we consider it unlikely that confounding by socio-economic 

statuss has gready affected our results, we cannot exclude residual confounding 

byy socio-economic status. 

Otherss have studied whether the association between birth weight and 

laterr disease can be explained by confounding by socio-economic status. 12-13 

Inn these studies detailed information on socio-economic circumstances was 

available,, including employment status, occupation, education, gross and 

disposablee income, crowding, and access to car, at several points in adult life. 

Theyy found that the associations between size at birth and health in later life 

weree only slightly attenuated among men after adjustment for socio-economic 

statuss but not among women. They therefore concluded that socio-economic 

circumstancess and behaviour can not fully explain the link between size at 

birthh and health in later life. 

InconsistenciesInconsistencies within and across studies 

Thee hypothesis that a baby's nourishment influences the diseases it will 

experiencee later in life has been tested by assessing the link between a range of 

possiblee markers of a baby's nourishment and a variety of diseases in later 

life.144 The apparendy opportunistic use of a range of different obstetric and 

perinatall  measures as explanatory variables has often been put forward as a 

weaknesss of the work on the fetal origins hypothesis. 8*9>15 Some have even 

referredd to the work on the fetal origins hypothesis as an 'inductionist delight' 

ass the hypothesis would be too broad to be testable and inconsistent results 

wouldd lead to creative changes in the hypothesis. 9 It is, however, a natural 

consequencee of progression of scientific knowledge that an initial broad 
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hypothesiss evolves and is refined to a more complex framework. Obviously, a 

criticall  evaluation of results and proper testing of specific hypotheses is 

obligatoryy for progression of scientific research. But simplistic representations 

off  the underlying mechanisms are an unlikely explanation for the complex 

phenomenaa we are studying. Because of the complex and non-linear nature of 

fetall  growth and development, the reductionist strategy fails. 16 Therefore, it is 

cruciall  that the epidemiological findings are critically evaluated in the light of 

clinicall  and experimental findings in the multi-disciplinary approach that has 

alreadyy been taken in this field. 

ImplicationsImplications of our findings for the fetal origins hypothesis 

Thee fetal origins hypothesis is now a scientifically accepted concept and the 

initiall  points of critique have largely been superseded. Most of the original 

scepticss have been convinced by the wealth of supportive scientific 

information.. 17 Some of the recent support has arisen from work which 

originallyy set out to disprove the hypothesis. Many now appreciate the 

importancee of early life factors in the aetiology of chronic disease, and some of 

themm do so within the framework of the so-called life course approach. This 

placess the fetal origins in a broader perspective: events during critical periods 

acrosss the entire life course might affect health in later life. 18 

Thee results of epidemiological research have often led to speculations on 

thee potential mechanisms that may account for the link between proxy 

measuress of fetal development and later disease. Although these ideas have 

oftenoften been post hoc, they have drawn on previous animal research and 

indicatedd its possible relevance for the development of chronic disease in 

humans,, and, in doing so, they have built a valuable bridge between scientific 

disciplines.. The remainder of this chapter will focus on the comparison of our 

findingss with results from animal experiments in an attempt to understand the 

underlyingg mechanisms. 

Thee fetal origins hypothesis proposes that chronic diseases originate in 

uteroutero through adaptations made by the fetus in response to undernutrition 

duringg a critical period during development. Because we studied effects of 

undernutritionn during different periods of gestation, the findings of our study 

providee some further insight into the critical periods of development of 
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differentt organs and systems, furthermore they illuminate the consequences of 

fetall  adaptations to maternal starvation during different periods of gestation. 

CriticalCritical  periods 

Althoughh the growth of the fetus is influenced by its genes, it is often 

limitedd by the nutrients and oxygen it receives. 19 Fetal undernutrition results 

fromm an imbalance between fetal demand for nutrients and the maternal-

placentall  capacity to supply sufficient nutrients to meet that demand. 

Consistentt with this concept, animal studies have shown that the effects of 

restrictedd supply of nutrients to the fetus depend upon the nutrient demand of 

mee fetus.20 Undernutrition of the ewe in late pregnancy adversely affected the 

developmentt of rapidly growing fetuses while having litde effect on those 

growingg more slowly. 9 This shows that a fast growth trajectory makes the 

fetuss more vulnerable to reduced supply of nutrients in late gestation. Male 

fetusess grow faster than female fetuses in utero. We have not been able, 

however,, to demonstrate any difference in effects of undernutrition during 

gestationn between men and women. 

Thee notion mat rapidly growing organs and tissues are more vulnerable 

too an adverse environment in utero is supported by some of our findings. For 

example,, the bronchial tree grows most rapidly in mid gestation, and our 

findingss might indicate that undernutrition during diis period increases 

bronchiall  reactivity. The liver is formed from the 3rd week of gestation and by 

weekk 12 of gestation hepatocytes start functioning 21, we found that several 

aspectss of liver function appeared to be permanendy altered in diose whose 

motherss were undernourished during this period. 

Becausee the fetus' requirements for nutrients are small in early gestation 

itit  is often assumed that undernutrition during that period will not influence 

growthh and development. This, however, seems not to be the case. 

Experimentss in rats have shown that a low protein diet during the first 4 days 

afterr conception (i.e. even before implantation) permanendy changed the fetal 

growthh trajectory by altering the allocation of cells between the inner cell mass 

thatt develops into the fetus and the trophectoderm that becomes the 

placenta.. ^ Furthermore, these fetuses appeared to have higher blood 

pressuress after birth. 23 This suggests that maternal undernutrition influences 

thee embryo in such a way that, irrespective of the supply of a normal diet for 

thee remainder of pregnancy, the embryo may be comprised in its 
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cardiovascularr physiology. Our finding that those exposed in early gestation 

hadd a more atherogenic lipid profile, reduced plasma concentrations of factor 

VII ,, somewhat higher fibrinogen concentrations, a poorer perception of their 

healthh and an increased prevalence of coronary heart disease suggests that 

evenn undernutrition during periods of gestation in which demand is small can 

havee permanent effects on health. 

FetalFetal adaptations to an adverse environment 

Inn our study, the effects of prenatal exposure to famine could not be 

explainedd by its effects on the size of the baby at birth. Babies born during the 

faminee period — and therefore exposed to famine in late gestation — were on 

averagee only about 250 grams lighter at birth than babies who had not been 

exposedd to famine in utero. This famine-related reduction in birth weight is 

relativelyy small compared to the routinely observed variations in birth weight. 

Therefore,, the Dutch famine should be considered as a short but severe 

nutritionall  challenge superimposed on other determinants of the supply of 

nutrientss to the fetus. This might also explain why — despite an association 

betweenn small size at birth and raised blood pressure in later life - we could 

nott demonstrate a significant effect of prenatal exposure to famine on blood 

pressuree in later life. 

Inn common with other living creatures the human fetus is plastic, it is 

ablee to adapt to external stimuli. The fetus adapts to variations in the 

availabilityy of nutrients and oxygen. These adaptations — though unfavourable 

inn the long-term — primarily aim to optimise the fetus' survival, and may 

includee morphologic, structural and endocrine changes.14 

•• Morphologic changes 

Manyy aspects of liver function, including cholesterol synthesis and 

fibrinogenn production, are differentially expressed in the periportal and 

perivenouss zones. Animal studies have shown that undernutrition during 

gestationn induces changes in the liver which might be related to altered 

zonation.. Undernutrition during gestation reduced glucokinase and 

increasedd phospoenolpyruvate carboxykinase activity. These were not 

restoredd in adult rats 24 and were responsible for changes in the regulation 

off hepatic glucose output.25 Altered zonation is likely to be linked to other 

importantt changes in hepatic function. Our finding that those exposed in 

earlyy gestation had increased cholesterol and fibrinogen concentrations and 
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reducedd factor VII concentrations is compatible with permanent effects of 

undernutritionn during early gestation on the morphology and function of 

thee liver. 

•• Structural changes 

Animall experiments have shown that undernutrition during gestation 

reducedd die size and weight of the kidney as well as the number of mature 

glomeruli.. 26 The number of renal glomeruli is also reported to be reduced 

inn infants who are malnourished in early life 27-28 as well as in adults with 

hypertension.. 29 Structural alterations in the developing kidney may thus 

playy a critical role in the programming of blood pressure. The full adult 

numberr of nephrons is determined early in life and any insults interfering 

withh nephrogenesis may reduce the filtration capacity of the mature organ. 

Forr a kidney with a reduced nephron number to maintain normal 

excretoryy function, pressures within the individual glomeruli must be 

higher.. This, on die one hand, promotes higher systemic blood pressures 

and,, on the other, leads to glomerulosclerosis and hence a vicious circle of 

nephronn loss and further rises in blood pressure. 

Otherr structural changes such as alterations in the blood vessel have 

alsoo been suggested to underlie the intrauterine programming of blood 

pressure.. The elastic recoil of die aorta is important in maintaining blood 

floww in the peripheral blood vessels and in the coronary arteries during 

diastole.. Reduced compliance in die aorta is a marker of cardiovascular 

disease.. It is associated with hypertension, and also widi left ventricular 

hypertrophy.. People who were small at birth have been shown to have less 

compliantt arteries. 30 It was suggested that impaired synthesis of elastin 

mayy be one of the mechanisms underlying die link between small size at 

birthh and raised blood pressure in later life. The compliance of large 

arteriess largely depends on its elastin content, which is laid down in utero 

andd during infancy. Reduced elastin deposition leads to less compliant 

arteries,, which will lead to an increase in blood pressure. Both a reduced 

nephronn number and reduced elastin deposition might underlie our finding 

diatt those who were small at birth, and those whose mothers ate relatively 

iitdee protein in relation to carbohydrate during late gestation had higher 

bloodd pressures in later life. 
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•• Endocrine changes 

Glucocorticoidss are thought to play an important role in the programming 

off adult disease. Under normal conditions glucocorticoids in the maternal 

circulationn are prevented from gaining access to the fetus by the placental 

enzymee 11 p-hydroxysteroid-dehydrogenase which catalyses the rapid 

metabolismm of Cortisol and corticosteroids to inactive products. Animal 

studiess have shown that undernutrition during gestation down regulates 

thee expression of placental 11 f}-hydroxysteroid-dehydrogenase. 31 The 

ensuingg overexposure of the fetus to glucocorticoids may have lasting 

effectss on the hypothalamic-pituitary adrenal axis. These changes in the 

hypothalamic-pituitaryhypothalamic-pituitary adrenal axis could in turn reset homeostatic 

mechanismss including blood pressure regulation and glucose metabolism. 

Forr example, lambs born after periconceptual undernutrition have higher 

bloodd pressures and exaggerated blood pressure responses to a challenge 

off the hypothalamic-pituitary-adrenal axis. 32 Their ACTH and Cortisol 

responsess are also greater. Not only undernutrition of the ewe but also 

placentall restriction by carunclectomy appeared to have permanent effects. 

Thee carunclectomised sheep fetuses had higher plasma levels of adrenaline 

andd noradrenaline, suggesting greater sympathetic activity. Their higher 

levelss of Cortisol without increased ACTH and suppressed pituitary pro

opiomelanocortinn expression 33 suggest that feedback of the hypothalamic-

pituitary-adrenall axis may have been altered. Evidence for the 

programmingg of the hypothalamic-pituitary adrenal axis in man comes 

fromm a study among men born in Hertfordshire that showed that those 

whoo were light at birth have raised Cortisol levels, and that these raised 

Cortisoll levels were linked with raised 2 hour plasma glucose 

concentrationss and insulin resistance. 34 The increased blood pressure and 

reducedd glucose tolerance of those who were small at birth might be 

relatedd to permanent alterations of the hypothalamic-pituitary adrenal axis. 

Futuree research 

Thee Dutch famine provides a unique opportunity to test the fetal origins 

hypothesis.. It has shown for the first time in humans that undernutrition 

duringg gestation has permanent effects on several aspects of health in later life. 
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Itt has also shown that adaptations that enable the fetus to grow can 

neverthelesss have adverse long-term consequences. We now need to know 

moree about these adaptations and the mechanisms by which events in early life 

permanendyy alter physiology. For instance, we need to know how genetic 

influencess and the intrauterine environment sustain the fetal growth trajectory 

whilee adapting to the environment. Modern obstetric imaging techniques may 

bee an important new tool to observe and quantify human fetal responses to 

undernutrition,, stress and other adverse influences in utero. 

Wee also need to understand the influence of the environment on 

developmentt in the embryonic phase. Because of the likely importance of 

eventss around the time of conception in determining both demand and supply, 

andd because the mother's diet, activity, body composition and endocrine 

profilee change in early pregnancy, studies of women of reproductive age who 

aree studied before as well as throughout pregnancy will provide important new 

information. . 

Furthermore,, the effect of maternal diet and body composition both 

beforee and during pregnancy on adult health should be studied. These studies 

mayy indicate that the balance of both macro- and micro-nutrients in the 

maternall diet may be as important as the absolute amount of nutrients. 

FutureFuture research in Dutch famine birth cohort 

Thee research that should be performed in the Dutch famine birth cohort can 

bee divided into two broad domains; first we should investigate the progression 

off coronary heart disease and its risk factors, and, second, we should 

investigatee the likely mechanisms underlying the programming of disease by 

undernutritionn during gestation. Furthermore, studies of the genetic make-up 

off our cohort could shed light on the genetic basis for the mechanisms 

underlyingg the programming of disease. 

Inn addition, another cohort in the AMC is likely to provide important 

neww insights into the fetal origins of adult disease, this cohort of twins has 

beenn studied in great detail at birth and can be traced into adulthood, which 

offerss a unique opportunity to disentangle effects of genes and prenatal 

nutrition. . 
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ProgressionProgression of disease in the Dutch famine birth cohort 

Wee have found indications that undernutrition during gestation has 

permanentt effects on several cardiovascular risk factors, and it also seems to 

affectt the prevalence of coronary heart disease. These findings, however, are 

basedd on small numbers. Follow-up of this unique cohort will allow us to 

studyy whether the tendency of people who had been exposed to famine in 

earlyy gestation to have an increased prevalence of coronary heart disease 

persists,, and it will also enable us to assess effects on mortality. Furthermore, 

itt will provide insight into the rate of functional decline. 

MechanismsMechanisms underlying the associations between exposure to famine and disease 

Thee mechanisms underlying the changes in physiology and metabolism 

foundd in this study are likely to include morphologic, structural and endocrine 

changes,, as described above. Although epidemiological studies cannot 

illuminatee the adaptations made by the fetus in response to undernutrition that 

ledd to disease in later life, they may provide more insight into the biological 

antecedentss of adult disease. Studies of the hypothalamic-pituitary-adrenal axis 

mayy prove to be crucial in unravelling the endocrine adaptations underlying 

thee fetal origins of coronary heart disease. 

GeneticGenetic studies 

Littlee is known about the genes that underlie the fetal adaptations to 

undernutrition.. Genes that allow the fetus to adapt to undernutrition are likely 

too be favoured by natural selection even though they may increase the risk of 

diseasee in later life. 

Theree is some evidence for a potential role of genes mediating the 

associationn between small size at birth and later disease. It has been shown 

thatt genetically determined abnormalities in pancreatic glucose sensing, insulin 

secretion,, or insulin resistance, all have a substantial effect on fetal growth. 

Babiess whose mothers had a mutation in the glucokinase gene were on average 

6000 g heavier at birth due to the increased fetal insulin secretion in response to 

maternall hyperglycaemia. Babies, however, with the same mutation were on 

averagee 500 g lighter at birth. When both mother and fetus had the 

glucokinasee mutation, the two opposing effects cancelled out and the baby 

wass of normal weight. 35 Analyses of the genetic make-up of people born 
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before,, during, or after the famine, will allow us to explore aspects of the gene-

earlyy environment interaction. 

TwinTwin studies 

Studiess in another cohort in the AMC could shed further light on the fetal 

originss of adult disease. A cohort of twins born between 1931 and 1975 in the 

Wilhelminaa Gasthuis (the predecessor of the AMC) has been studied in great 

detaill at birth and the records have been kept. The study of twins offers a 

uniquee opportunity to disentangle effects of genes and prenatal nutrition. 

Aboutt two thirds of the monozygous twins have one chorion and one 

placenta.. The remaining monozygous twins and all dizygous twins are 

dichorionicc and have two placentas. There are thus three types of twins: 

monochorionicc monozygous, dichorionic monozygous, and dichorionic 

dizygouss twins. Both monochorionic and dichorionic monozygous twins are 

geneticallyy identical, whereas dichorionic dizygous twins share only half their 

genes.. Because monochorionic twins share a chorion and placenta they have a 

moree similar intrauterine environment than dichorionic twins. A comparison 

betweenn monochorionic and dichorionic monozygous twins will demonstrate 

thee influence of the intrauterine environment on the prevalence of coronary 

heartt disease and its risk factors, whereas a comparison between dichorionic 

monozygouss and dizygous twins will demonstrate genetic influences. As yet, 

theree have been no studies that have information about chorionicity among 

twinss old enough to make the study of coronary heart disease relevant. Tracing 

menn and women from this cohort of twins seems an obvious starting point for 

futuree research into the fetal origins of adult disease that would provide an 

opportunityy to disentangle effects of genes and intrauterine nutrition on 

coronaryy heart disease. 

Implicationss for chronic disease epidemiology 

Thee aetiologic research of adult chronic disease has hitherto been guided by a 

destructivee model. The causes to be identified act in adult life and accelerate 

thee ageing process. The model used in the fetal origins hypothesis is a 

developmentall model. The causes to be identified act on the developing fetus. 

Inn adapting to its environment the fetus ensures its continued survival and 
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growthh at the expense of longevity. Premature death from coronary heart 

diseasee may in this view be considered as the price paid for adaptations made 

byy the fetus to an adverse environment in utero. 

Interestt in fetal programming in the development of chronic disease 

partlyy arose from dissatisfaction with the conventional adult life style or 

destructivee model. This model forms part of what has been called black box 

epidemiologyy 36, or conventional risk factor epidemiology, the main purpose 

off which is to relate individual exposure and outcome on the basis of statistical 

modelss with little or no attention to the underlying biological mechanisms. 

Thee strength of research into the fetal origins of adult disease is that basic, 

clinicall and epidemiological research is integrated. This will lead to greater 

understandingg of, and a wider interest in, the ways in which experiences in 

earlyy life affect the development of many of the adult chronic diseases that are 

alreadyy prevalent in developed countries and becoming increasingly prevalent 

inn the developing world. 

Implicationss for public health 

Researchh investigating the fetal origins of adult disease gives new insight into 

thee aetiology of chronic diseases and may be an important new point of 

departuree in the prevention of many chronic diseases. In order to prevent 

chronicc diseases in future generations maternal nutrition and health should be 

optimized.. Although there is widespread recognition of the importance of 

adequatee maternal nutrition during pregnancy, there is considerable 

uncertaintyy about optimal nutrition and weight gain during pregnancy. 

Numerouss studies have examined the effect of the diet during pregnancy on 

thee birth weight of the baby, but the results have been various and 

contradictory.. 37 Liberal weight gain guidelines for pregnant women 38 

apparentlyy aim to prevent adverse outcomes by fetal undernutrition, yet, the 

relationss between maternal nutritional intake, maternal weight gain, size at 

birthh and later health are complex, and causal inferences are difficult. 

Ourr findings suggest that maternal nutrition during gestation is linked 

withh several aspects of health in adult life independent of the size of the baby 

att birth. This implies that adaptations that enable the fetus to continue to grow 

mayy nevertheless have adverse long-term consequences. The conclusion for 

publicc health policy is that the contribution of fetal undernutrition to chronic 
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diseasee will be underestimated by calculations solely based on the associations 

betweenn size at birth and adult disease. 

littlee is known about what an adequate diet for pregnant women might 

be.. In general, women are especially receptive to advice about diet and lifestyle 

beforee and during pregnancy. This should be exploited to improve the health 

off future generations. 
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Fetall origins hypothesis 

Chronicc diseases are the main public health problem in Western countries. 

Coronaryy heart disease, cancer and respiratory disease are the most common 

causess of death in developed countries, accounting for three-quarters of all 

deathss at adult age. Much of the research into the aetiology of these diseases 

hass focussed on adult risk factors, such as smoking, diet and physical activity. 

Thesee factors, however, are limited in predicting individual risk and only partly 

explainn the striking social and geographical inequalities in health. 

Theree are now indications that coronary heart disease originates in utero. 

Studiess in several populations have shown that people who were small at birth 

havee an increased risk of coronary heart disease in later life. And, they also 

havee higher blood pressure, higher cholesterol levels and more often suffer 

fromm diabetes than those who had been larger at birth. 

Thesee findings have led to the fetal origins hypothesis. Undernutrition of 

thee fetus during critical periods of development would lead to adaptations in 

thee structure and physiology of the fetal body, and these adaptations would 

increasee the risk of coronary heart disease, hypertension, hyper-

cholesterolaemiaa and diabetes in later life. It is not surprising that such a 

phenomenonn - that is also known as programming - occurs when human 

developmentt is considered from conception to death. Before birth some 42 

cycless of cell division takes place, after birth only another 5 are needed. 

Thee fetal origins hypothesis is supported by findings from animal 

experimentss that show that undernutrition during pregnancy has permanent 

adversee effects on health of the offspring. There is however no direct evidence 

inn humans that undernutrition during gestation has permanent effects on 

health.. The Dutch famine - though a historical disaster - provides a unique 

opportunityy to study effects of undernutrition during gestation in humans. 

Faminee has seldom, if ever, struck where extensive, reliable and valid data 

alloww the long-term effects to be studied. The famine was sharply 

circumscribedd in both time and place, it had a sudden beginning and end and 

struckk the entire population irrespective of social class. And, the type and 

degreee of nutritional deprivation during the famine were known with a 

precisionn unequalled in any large human population before and since. AU these 

characteristicss bring about that the Dutch famine can be considered as a 
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uniquee 'experiment of history' to test the fetal origins hypothesis. This thesis 

describess the effects of prenatal exposure to famine on health in later life. 

Effectss of prenatal exposure to famine 

Thee objective of the study described in this thesis was to assess the effects of 

exposuree to famine during different periods of gestation on adult health and 

diseasee in general, and coronary heart disease and its risk factors in particular. 

Thee effects of prenatal exposure to famine on adult glucose tolerance and 

obesityy have been described elsewhere. We traced a group of people born 

betweenn November 1943, and February 1947, in the Wilhelmina Gasthuis in 

Amsterdam,, for whom we had detailed birth records. We compared the health 

off people who had been exposed to famine in late, mid or early gestation with 

thee health of people who had not been exposed to famine during gestation 

(peoplee who were born before the famine or people who were conceived after 

thee famine). 

Wee could not demonstrate an effect of prenatal exposure to famine on 

bloodd pressure (chapter 2). We did find, however, that people who had been 

smalll at birth had high blood pressures in later life, which is in agreement with 

resultss from many other studies. A more elaborate analysis revealed that blood 

pressuree of the offspring was inversely associated with the 

protein/carbohydratee ratio of the average ration during the third trimester of 

pregnancy,, whereas it was not associated with any absolute measure of intake 

duringg pregnancy (chapter 3). Children whose mothers ate relatively litde 

proteinn in relation to carbohydrates in the third trimester of pregnancy had 

higherr blood pressures at adult age. This may imply that blood pressure is not 

soo much linked to absolute amounts of nutrients but to variations in the 

balancee of macro-nutrients in the maternal diet during late gestation. 

Wee found that people exposed to famine in early gestation had a more 

atherogenicc lipid profile (chapter 4), somewhat higher fibrinogen concentrations 

andd reduced plasma concentrations of factor VII (chapter 5), and they appeared 

too have a higher risk of coronary heart disease (chapter 6). Though the latter 

wass based on small numbers, as could be expected from the relatively young 

agee of the cohort in terms of coronary heart disease. Nevertheless, this is the 

firstt evidence in humans that undernutrition during gestation is linked with the 

riskrisk of coronary heart disease in later life. Moreover, people who had been 
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exposedd to famine in early gestation more often rated their health as poor 

(chapter(chapter 8). This indicates that they are not only less healthy in terms of 

objectivee measures of health, but that they also feel less healthy. Because the 

faminee ended abruptly, the women who conceived during the famine (and 

weree thus exposed in early pregnancy) were well nourished in later pregnancy, 

whichh may have contributed to the above average birth weight of their babies. 

Thee transition from nutritional deprivation in early gestation to nutritional 

adequacyy later on may have led to metabolic conflicts resulting in disease in 

laterr life. 

Wee found that people who had been exposed to famine in mid gestation 

hadd an increased prevalence of obstructive airways disease (chapter 7). These 

observationss were not paralleled by reduced lung function or increased serum 

concentrationss of IgE. This suggests that the increased prevalence of 

symptomss and disease may be attributable to increased bronchial reactivity 

ratherr than to irreversible airflow obstruction or atopic disease. Because the 

bronchiall tree grows most rapidly in mid gestation, our findings support the 

hypothesiss that fetal undernutrition permanendy affects the structure and 

physiologyy of the airways during 'critical periods' of development that coincide 

withh periods of rapid growth. 

Althoughh we found that prenatal exposure to famine affected several 

aspectss of adult health, we were not able to demonstrate any effects of famine 

onn either overall or cause specific mortality after the age of 18, while there 

weree differences in mortality during the first years of life (chapter 9). Because 

peoplee who had been exposed to famine in early gestation felt less healthy, and 

perceivedd health is known to be a strong predictor of future mortality, we 

mightt expect an increased mortality in the future among these people. 

Interpretation n 

Ourr findings broadly support the fetal origins hypothesis. Chronic diseases 

originatee in the womb through adaptations made by the fetus in response to 

undernutrition.. The effects on undernutrition, however, depend upon its 

timingg during gestation and the organs and systems developing during that 

criticall time window. Furthermore, our findings suggest that maternal 

malnutritionn during gestation may permanently affect adult health without 

affectingg the size of the baby at birth. This gives the fetal origins hypothesis a 

neww dimension. This may imply that adaptations that enable the fetus to 
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continuee to grow may nevertheless have adverse consequences for health in 

laterr life. Coronary heart disease may be viewed as the price paid for 

adaptationss made to an adverse intra-uterine environment. It also implies that 

thee long-term consequences of improved nutrition of pregnant women will be 

underestimatedd if these are solely based on the size of the baby at birth. 

Littlee is known about what an adequate diet for pregnant women might 

be.. In general, women are especially receptive to advice about diet and lifestyle 

beforee and during a pregnancy. This should be exploited to improve the health 

off future generations. 
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Fetall origins hypothese 

Chronischee ziekten vormen het grootste volksgezondheidsprobleem in 

Westersee landen. Coronaire hartziekten, kanker en respiratoire aandoeningen 

zijnn de meest voorkomende doodsoorzaken in ontwikkelde landen en zijn 

verantwoordelijkk voor driekwart van de sterfte op volwassen leeftijd. Het 

onderzoekk naar de etiologie van deze ziekten heeft zich tot nu toe 

voornamelijkk gericht op risicofactoren die een rol spelen op volwassen leeftijd, 

zoalss roken, voeding en lichamelijke activiteit. Deze factoren zijn echter 

beperktt in het voorspellen van individuele risico's op ziekten en verklaren 

slechtt voor een deel de opvallende sociale en geografische 

gezondheidsverschillen. . 

Err zijn aanwijzingen dat coronaire hartziekten al kunnen ontstaan voor 

dee geboorte. Onderzoek in verschillende populaties heeft laten zien dat 

mensenn die klein waren bij de geboorte op latere leeftijd vaker lijden aan hart

enn vaatziekten. Ook hebben zij een hogere bloeddruk, een hoger cholesterol 

gehaltee en vaker diabetes dan mensen die groter waren bij de geboorte. 

Dezee bevindingen hebben geleid tot de 'fetal origins' hypothese. 

Ondervoedingg van de foetus tijdens een 'kritische periode' in de ontwikkeling 

zouu leiden tot permanente aanpassingen in de structuur en fysiologie van het 

lichaam,, en deze aanpassingen zouden op latere leeftijd kunnen leiden tot 

coronairee hartziekten, hypertensie, hypercholesterolemie en diabetes. Het is 

niett verwonderlijk dat dit fenomeen, dat ook wel 'programming' wordt 

genoemd,, zich voordoet, omdat de ontwikkeling van de mens zich voor een 

groott deel afspeelt vóór de geboorte. Vanaf de conceptie tot aan de geboorte 

vindenn er zo'n 42 cycli van celdelingen plaats, na de geboorte zijn dit er nog 

slechtss 5. 

Dee 'fetal origins' hypothese wordt ondersteund door bevindingen uit 

dierexperimenten,, die aantonen dat ondervoeding tijdens de zwangerschap 

permanentee negatieve gevolgen heeft voor de gezondheid van de 

nakomelingen.. Er is echter geen direct bewijs dat ondervoeding tijdens de 

zwangerschapp blijvende gevolgen heeft voor de gezondheid van mensen. De 

Hongerwinterr - hoewel een historische catastrofe - biedt een unieke 

mogelijkheidd om dit te onderzoeken. Vrijwel nooit heeft een ernstige periode 

vann ondervoeding toegeslagen in een gebied waar nauwkeurige registratie 

systemenn het mogelijk maakten dat mensen 50 jaar later nog opgespoord 
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kondenn worden. De Hongerwinter was nauwkeurig omschreven in tijd en 

plaats,, had een abrupt begin en eind en trof de gehele bevolking ongeacht de 

socialee klasse. En, het soort en de mate van ondervoeding tijdens de 

Hongerwinterr zijn bekend met een uitzonderlijke precisie. Al deze factoren 

dragenn ertoe bij dat de Hongerwinter kan worden beschreven als een uniek 

experimentt van de geschiedenis om effecten van ondervoeding tijdens 

verschillendee periodes in de zwangerschap te bestuderen. In dit proefschrift 

wordenn de effecten van prenatale blootstelling aan de Hongerwinter op de 

gezondheidd op volwassen leeftijd beschreven. 

Effectenn van prenatale blootstelling aan de Hongerwinter 

Hett doel van het onderzoek dat is beschreven in dit proefschrift was het 

bestuderenn van effecten van prenatale blootstelling aan de Hongerwinter op de 

gezondheidd op volwassen leeftijd in het algemeen, en in het bijzonder 

cardiovasculairee ziekten en risicofactoren daarvoor. De effecten van prenatale 

blootstellingg aan de Hongerwinter op het voorkomen van diabetes en obesitas 

zijnn elders beschreven. Wij hebben een groep mannen en vrouwen onderzocht 

diee geboren zijn in de periode van november 1943 tot en met februari 1947 in 

hett Wilhelmina Gasthuis in Amsterdam van wie we gedetailleerde 

geboortegegevenss hadden. We vergeleken de gezondheid van mensen die 

warenn blootgesteld aan het einde (geboren tijdens de Hongerwinter), in het 

middenn (verwekt voor de Hongerwinter en geboren na de Hongerwinter) of 

aann het begin (verwekt tijdens de Hongerwinter) van de zwangerschap met de 

gezondheidd van mensen die niet prenataal waren blootgesteld (geboren voor 

off verwekt na de Hongerwinter). 

Dee bloeddruk op volwassen leeftijd leek niet te worden beïnvloed door 

prenatalee blootstelling aan de Hongerwinter (hoofdstuk 2). De bloeddruk bleek 

echterr wel sterk samen te hangen met de grootte van de baby bij de geboorte; 

hoee kleiner de baby bij de geboorte, hoe hoger de bloeddruk op latere leeftijd. 

Eenn meer gedetailleerde analyse van de wekelijkse rantsoenen tijdens de 

zwangerschapp liet zien dat niet zozeer de absolute hoeveelheid voedsel, maar 

juistt de balans tussen eiwitten en koolhydraten aan het einde van de 

zwangerschapp samenhing met de bloeddruk (hoofdstuk 3). Kinderen van 

moederss die relatief weinig eiwitten in relatie tot koolhydraten kregen aan het 

eindee van de zwangerschap hadden een hogere bloeddruk op volwassen 
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leeftijd.. Deze bevindingen suggereren dat de bloeddruk niet zozeer wordt 

beïnvloedd door de absolute hoeveelheid voedsel die de moeder eet, maar door 

dee samenstelling van haar dieet aan het einde van de zwangerschap. 

Mensenn die vroeg in de zwangerschap waren blootgesteld hadden een 

meerr atherogeen lipiden profiel (hoofdstuk 4), ietwat hogere fibrinogeen 

concentratiess en lagere factor VII concentraties (hoofdstuk 5), en een hogere 

prevalentiee van coronaire hartziekten (hoofdstuk 6), hoewel deze laatste 

bevindingg - zoals te verwachten was gezien de relatief jonge leeftijd van het 

cohortt - is gebaseerd op kleine aantallen. Desalniettemin is dit de eerste 

aanwijzingg dat ondervoeding tijdens de zwangerschap de kans op coronaire 

hartziektenn kan verhogen. Bovendien gaven mensen die vroeg in de 

zwangerschapp waren blootgesteld vaker aan dat zij hun gezondheid slecht 

vondenn (hoofdstuk 8). Dit geeft aan dat mensen die vroeg in de zwangerschap 

zijnn blootgesteld aan de Hongerwinter niet alleen minder gezond zijn in 

termenn van objectieve gezondheidsmaten maar dat zij zich ook minder gezond 

voelen.. Omdat de Hongerwinter abrupt eindigde waren de vrouwen die 

zwangerr werden tijdens de Hongerwinter (en dus zijn blootgesteld aan het 

beginn van de zwangerschap) goed gevoed gedurende de rest van de 

zwangerschap.. Dit is weerspiegeld in de ietwat hogere geboortegewichten van 

hunn kinderen. De overgang van ondervoeding in het begin van de 

zwangerschapp naar goede voeding later in de zwangerschap zou geleid kunnen 

hebbenn tot metabole en endocriene conflicten die resulteerden in coronaire 

hartziektenn op volwassen leeftijd. 

Mensenn die in het midden van de zwangerschap waren blootgesteld aan 

dee Hongerwinter hadden vaker obstructieve longziekten en respiratoire 

aandoeningen,, zonder dat er sprake was van verminderde longfunctie of 

verhoogdee IgE spiegels (hoofdstuk 7). Dit suggereert dat de toename in klachten 

veroorzaaktt zou kunnen worden door bronchiale hyperreactiviteit en niet 

zozeerr door luchtweg obstructie of atopic De bronchiaal boom maakt in het 

middenn van de zwangerschap een periode van snelle groei door. Onze 

bevindingenn ondersteunen de hypothese dat ondervoeding tijdens 'kritische 

periodes'' van de ontwikkeling permanente effecten heeft op volwassen leeftijd. 

Hoewell prenatale blootstelling aan de Hongerwinter negatieve gevolgen 

hadd voor de gezondheid op later leeftijd vonden we geen effecten op de sterfte 

naa het 18e levensjaar, terwijl we wel effecten vonden op de sterfte in de eerste 

levensjarenn (hoofdstuk 9). Vervolg onderzoek zal moeten uitwijzen of de 
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gevondenn trends van een verhoogd risico op coronaire hartziekten en een 

slechteree ervaren gezondheid — wat een sterke voorspeller is voor sterfte — 

vertaaldd zullen worden in een verhoogde sterfte in de groep mensen die is 

blootgesteldd aan de Hongerwinter aan het begin van de zwangerschap. 

Interpretatie e 

Dee resultaten van het Hongerwinter onderzoek ondersteunen de 'fetal origins' 

hypothese.. Chronische ziekten lijken voor een deel te ontstaan in de 

baarmoederr als gevolg van aanpassingen van de foetus aan ondervoeding. De 

effectenn van ondervoeding zijn afhankelijk van het moment in de 

zwangerschapp waarop de ondervoeding plaatsvindt en de organen en systemen 

diee op dat moment een 'kritische periode' van ontwikkeling doormaken. De 

resultatenn van het Hongerwinter onderzoek hebben ook laten zien dat de 

effectenn van ondervoeding tijdens de zwangerschap grotendeels onafhankelijk 

zijnn van de grootte van het kind bij de geboorte. Dit geeft de 'fetal origins' 

hypothesee een nieuwe dimensie. Dit zou kunnen betekenen dat aanpassingen 

diee ervoor zorgen dat de foetus kan blijven groeien desondanks negatieve 

gevolgenn hebben voor de gezondheid op lange termijn. Zo zouden coronaire 

hartziektenn gezien kunnen worden als de prijs die wordt betaald voor 

aanpassingenn aan een sub-optimaal intra-uterien milieu. Ook betekent het dat 

dee lange termijn effecten van verbetering van de voedingstoestand van 

zwangeree vrouwen zullen worden onderschat als alleen de aangetoonde 

associatiess tussen de grootte van het kind bij de geboorte en ziekten op latere 

leeftijdd in beschouwing worden genomen. 

Err is nog maar weinig bekend over wat adequate voeding voor 

zwangeree vrouwen zou zijn. In het algemeen zijn vrouwen vooral ontvankelijk 

voorr voedingsadviezen vlak voor en tijdens de zwangerschap. Hiervan zou 

gebruikk gemaakt moeten worden om de voedingstoestand van vrouwen voor 

enn tijdens de zwangerschap te verbeteren en op die manier de foetale groei te 

optimaliseren.. Dit zou een belangrijke nieuwe strategie kunnen zijn in de 

preventiee van chronische ziekten in toekomstige generaties. 
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Stellingen n 

1.. Ondervoeding van de moeder tijdens de zwangerschap kan blijvende 
gevolgenn hebben voor de gezondheid van haar kind, ook zonder dat dit 
effectenn heeft op de grootte van het kind bij de geboorte, (ditproefschrift) 

2.. De lange termijn effecten van ondervoeding tijdens de zwangerschap 
zijnn afhankelijk van het moment in de zwangerschap waarop de 
ondervoedingg plaatsvindt, (ditproefschrift) 

3.. De bloeddruk van nakomelingen lijkt niet zozeer te worden beïnvloed 
doorr hoe veel de moeder eet tijdens de zwangerschap, maar door wat 
zee eet (dit proef schrift) 

4.. Coronaire hartziekten zouden gezien kunnen worden als de prijs die 
betaaldd moet worden voor succesvolle aanpassingen aan een sub-
optimalee intra-uteriene omgeving, (dit proef schrift) 

5.. Het gezegde 'een goed begin is het halve werk' geldt ook voor de 
preventiee van coronaire hartziekten: gebalanceerde voeding voor en 
tijdenss de zwangerschap en optimale foetale groei zijn hierbij essentieel. 

6.. In ons ontstaan is ons einde. 

7.. Omdat ondervoeding van de moeder tijdens de zwangerschap 
permanentee negatieve gevolgen heeft voor de gezondheid van haar 
kind,, is het beschrijven van de foetus als een perfecte parasiet onjuist. 

8.. De lange termijn effecten van geassisteerde voortplanting moeten 
wordenn onderzocht aangezien het embryo zelfs al voor de implantatie 
gevoeligg is voor invloeden van buiten af. 

9.. De termen aangeboren en erfelijk worden ten onrechte door elkaar 
gebruikt. . 

10.. Mannen met kinderen zijn gemiddeld langer dan mannen zonder 
kinderen:: dit duidt op seksuele selectie. Dat dit verschil niet wordt 
gevondenn in de groep mannen die tijdens of vlak na de Tweede Wereld 
Oorlogg op reproductieve leeftijd was suggereert dat in tijden van een 
tekortt aan mannen ook kleinere mannen de kans krijgen zich voort te 
planten.. (Pawlowski, Nature 2000) 

11.. De spreuk 'early to bed and early to rise makes a man healthy wealthy 
andd wise* blijkt niet op feiten te zijn gebaseerd. (Gak and Martyn BMJ 
1998) 1998) 





Ohronicc diseases are the main public health problem in 

Westernn countries. I here are indications that these diseases 

originatee in the womb. It is thought that undernutrition of the 

fetuss during critical periods of development would lead to 

adaptationss in the structure and physiology of the fetal body, 

andd thereby increase the risk of diseases in later life. T h e 

D u t c hh famine - though a historical disaster - provides a 

uniquee opportunity to study effects of undernutrition during 

gestationn in humans. T h i s thesis describes the effects of 

prenatall exposure to the D u t c h famine on health in later life. 

Wee found indications that undernutr i t ion during 

gestationn affects heal th in later l i fe . T h e effects of 

undernutr i t ion,, however, depend upon its t iming during 

gestationn and the organs and systems developing during that 

criticall t ime 'window. F urthermore, our findings suggest that 

maternall malnutr i t ion during gestation may permanent ly 

affectt adult health 'without affecting the size of the baby at 

birth.. T h i s may imply that adaptations that enable the fetus 

f"" cont inue to grow may nevertheless have adverse 

consequencess for health in later life. It also implies that the 

long-termm consequences of improved nutr i t ion of pregnant 

womenn •will be underestimated if these are solely based on the 

sizee of the baby at birth. 

JLittlee is known about what an adequate diet for 

pregnantt women might be. In general, women are especially 

receptivee to advice about diet and lifestyle before and during a 

pregnancy.. T h i s should be exploited to improve the health of 

futuree generations. 
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